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ABSTRACT 


This final re^^ort sunmarizes effort expended by Hughes Aircraft 
over the last ten months in the enhancement of time domain computer- 
simulation software^, development of appropriate Shuttle Electrical 
Power Distrib\'tion and Control (EPDC) subsystem simulation models, and 
illustrative application of these conq>uter simulations to systems 
analysis of the EPDC. The SYSTID simulation software previously developed 
had been utilized almost exclusively for telecommunications systems 
analysis, though it had more general capability. In particular, the 
SYSTID simulation language allows the user to generate system models of 
recurrent interest in a program library, which eases the mechanics of 
user application. The SYSTID software-related tasks addressed in this 
study under NAS 9-13779 included enhancement of the user utility aspects 
of the software, increased flexibility, conversion to the UNIVAC 1110 
EXEC S operating system at Johnson Space Center (JSC) , from its former 
EXEC 2 configuration and interactive graphics capability from the JSC MOPS 
terminals. In addition, a number of EPDC power generation (fuel cell), 
conversion (Inverter) and control (remote power controller, remote-control 
circuit breaker, fuse) elements were defined and coded as SYSTID models. 
Similar attempts were made to characterize and code various EPDC load 
elements as SYSTID models. Unfortunately, due to the current state of 
design flux of the shuttle orbiter EPDC and user subsystems, a number of 
these elements (particularly the load elements) have not been defined by 
Rockwell International, the prime contractor. Thus, a certain amount of 
engineering judgement and prescience by the Hughes staff has been necessary 
to define the detailed electrical characteristics of these devices to a level 
appropriate for SYSTID coding. A corollary difficulty has been experienced, 
until very late in the contract effort, in defining the EPDC system topology. 


^SYStems Time Domain (SYSTID) simulation software, previously developed by the 
study team under NASA/JSC contract NAS 9-11743* 
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Recent data obtained from JSC on the topology employed in SEPAP^ computer- 
aided analysis has been employed in the final systems-oriented SYSTID 
simulation runs (fault/circuit protection, power profile analysis). What 
has been accomplished by this study is; 1) significant enhancement of 
the SYSTID time domain simulation software, as a general tool, which also 
exhibits necessary capability to effectively simulate the EPDC, 2) generation 
of functionally useful shuttle EPDC element models, suitable for useage with 
SYSTID (though, with minor modification, these models could be extended to 
represent other spacecraft electrical power system elements) » 3) illustrative 
simulation results in the analysis of EPDC performance, under the conditions 
of fault, (lightning) current pulse injection, and circuit protection 
sizing and reaction times. This Volume I is complimented by the SYSTID 
User Guide, Volume II, and the SYSTID Data Book, Volume III. 

Key words: simulation; time-domain; electrical power systems, shuttle 

orbiter EPS; computer simulation; spacecraft electrical power 
systems • 
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GLOSSARY OF TERMS 


SYSTID SYS terns Time Domain (SYSTID) simulation software » the 

basic simulation language enhanced by this contract and 
resident on the UNIVAC 1110, EXEC 8 operating system* 

EFDC Electrical Power, Distribution and Control subsystem* 

EPS Electrical Power System (including user loads) 

RPC Remote Power Controller, a device for remotely current- 

limiting overload current or turning off current to various 
load elements, and providing a trip signal* 

RCCB Remote Control Circuit Breaker, a device which remotely 

allows utilization as either/both a relay and circuit 
breaker* 

MEC Master Events Controller, a fail-safe pyrotechnic ignition 

device, driven by the computer* 

MIA Multiplexer Interface Adapters, which provide interface with 

computer and data buses* 

PIC Pyrotechnic (FYRO) Ignition Circuits. 

IMU Inertial Measuring Unit. 

CPU Central Processing Unit (Computer)* 

FC Fuel Cell (Hydrogen-Oxygen) 

D & C Display and Control* 

preceding page blank not filmed 

xi 




1.0 SUMMARY 


This study has pursued a aumber of objectives dealing with the 
refinement of computer simulation software, the generation and validation 
of mathematical models for subsequent reduction to computer code of certain 
shuttle EFDC elements and limited performance analysis of the EPDC system 
itself* These objectives, their scope and the technical approach employed 
in the study will be discussed below. 

1.1 Objectives 

Three primary objectives have been the basis of the contractual 
Statement of Work and study effort. Ihese objectives have been: 1) enhancement 

of computer simulation software (SYSTID) previously developed for primary 
application to communications system analysis so that its user utility and 
flexibility would be increased and it would be made compatible with the JSC 
UNIVAC 1110 EXEC 8 coiqputer system and interactive graphics terminals, 

2) collection and distillation of descriptive data, generation of appropriate 
Shuttle electrical power and distribution (EPDC) subsystem mathematical models 
and subsequent coding of SYSTID models, and 3) delineation of EPDC topology 
and functional flow so that limited system analysis can be performed. Ihese 
EPDC systems-level performance analyses include: fault analysis, inserted 

current (lightning) pulse sensitivity, circuit protection device validation. 

These primary objectives, as well as a number of concurrent secondary 
objectives have been crystalized in the Statement of Work^, as follows: 
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Excerpted from the contract document 
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MiVIOK TASK AREA 


TASK NAME/ 
NUMBER 

TASK DESCRIPTION 

EXPECTED OUTPUT 

3.2 

EPDC (EPS) ANALYSIS TASKS 

1 


3.2.1 

Define 

EPDC Load Profile 



Task Description: 



• 

Define baseline EPDC topology and all shuttle load interfaces 



• 

Generate time history of loads 



Output 

Expected 



• 

EPDC block diagram showing load interfaces 



• 

EPDC iQpde summary 



• 

Load profile versus time for each subsystem load, and if possible each 
load element versus time 


3.2.2 

1 

Perform EPDC Redundant Switching 6t Circuit Protection Analysis 

1 



Task Description: 

i 



# 

Establish reduncdancy switching and circuit protection topology 



• 

Generate a matrix of switched modes and protected circuits 



• 

Evaluate the switched modes for reducndancy capability 



Output Expected: 

1 



• 

Functional diagrams of redundant switching ntodes 



• 

Evaluation of redundancy and circuit protection adequacy 







MAJOR TASK AREA 



EXPECTED OUTPUT 


3 . 2.3 


Determine EPDC Fault Conditions 


Task Description: 

• Define possible fault modes 

• Determine probable fault conditions 

• Select an illustrative number of fault modes for SYSTID simulation 


Output Expected: 

• Matrix of possiuxS fault modes 

• Sub-matrix of most probable fault modes 

• SYSTID simulation topology 








MA.IOR TASK AREA 


TASK NAME/ 
NUMBER 

3.3 

3.3.1 

3.3. 1.1 


TASK DESCRIPTION | EXPECTED OUTPUT 

COMPUTER-AIDED ANALYSIS AND SIMULATION 
Simulation Language Enhancement 
Multinode Models 

Present 

I < Model Reference (arg,,...arg ) or Expressions > 0 

1 n 


Planned 

I < Expression > 0 
and 


< ^fodel Reference (argj^, 

I “ 

\ I < Model Reference ^ 3 ***^j^* ^2* ^3 



selection of 
the form 
will be 
based upon 
overall soft 
ware devel- 
opment 







MAJOR TASK AREA: 


TASK NAME/ 
NUMBER 


TASK DESCRIP TION 


EXPECTED OUTPUT 


3. 3. 1.2 


Simplify Expression Processing 


Present 


• Model library references (permanent and/or temporary) 

• Fortran library functions 

• User written Fortran functions 

• Fortran arithmetic expressions involving intrinsic parameters » 
constants, variables, functions, and **TAPS** 

• Model reference scanning for valid form and number of arguments 
Planned 

a Fortran arithemetic expressions involving ’’node” names 
(i.e., node names become formal variable names) 

a Fortran axpression scanning for proper form 










MAJOR TASK AREA: 



r 








MAJOR TASK AREA: 


TASK NAME/ 
NUMBER 


TASK DESCRIPTION 


3. 3.1. 5 


Provide SYSTID Table Definition 


EXPECTED OUTPUT 


Present 

None - Tables currently are defined within Fortran SK>dela 


Planned 

• Add a SYSTID Instruction to allow arbitrary table siring and 
data entry (equivalent to the Fortran "dlasntlon" atatament 


3.3.1. 6 


Provide SYSTID Save Feature 
Present 

e Simulation results may be saved on tapa or disc using a 
postprocessing routine 


Planned 


a Provide a SYSTID Instruction to automatically save the requested simulation 
results on cape or disc 

• Provide a SYSTID Instruction to reload the save file for post processing 
and/or plotting 






MA.IOR TASK AREA: 


TASK NAME/ 
NUMBER 


3.3.1. 7 


TASK DESCRIPTION 


Modify Sort Processing 


EXPECTED OUTPUT 


Present 

• SYSTID evaluates the system topology aecoi'dlng to a rigid sort procedure 
(First In Last Out starting at node nasie "INPUT", ending at noar, name "OUTPUT") 

• The "DEFINE" instruction allows expre'^slon re-evaluation at each reference 

• The "SET" instruction allows expression evaluation prior to simulation 

Planned 

• User defined processing sequence 

• More exhaustive sort procedure 
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MAJOR TASK AREA: 


TASK NAME/ 

NUMBER 

3. 3. 1.8 Provide SYSTID 


TASK DESCRIPTION 
Output Format Capability 


EXPECTED OUTPUT 


Present 

a All formatting is fixed vithin the defined procedures utilized during 
the simulation phase 

• Format changes can be made by changing the procedures prior to the 
generation phase 


Planned 

a Provide the SYSTID instructions and controls to facilitate: 
Page numbering 
Titling 

Time and date labeling 


3. 3. 1.9 I Provide Cross-Reference Output 


See entry under '*Misc. SYSTID Enhancements" 
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MAJOR TASK AREA; 


TASK a^ME/ 
NUMBER 

1 

TASK DESCRIPTION 

3.3.1.10 

Provide Automatic Core Sizing 


Present 


• Under the current operating system (Exec II) core sizing of the 
simulation phase is of no concern as long as it fits 

• Core size can be controlled by modifying the defined procedures prior 
to the generation phase 


Planned 


• Under the new operating system (Exec 8) core size is a predominant cost 
factor and it is preferrable to control core dynamically. This is 
accomplished by interfacing with the Exec 8 operating system durine 
the simulation 

• The generation phase currently requires ~ 45K words. The goal is to 
decrease this to < 20K words to facilitate generation in the demand 
(i.e«, timesharing) environment 

3.3.1.11 

Provide Automatic Library Directory Updetlng 


See entry under "Misc. SYSTID Enhancements" 

1 


r 


EXPECTED OUTPUT 






MA.IOR TASK AREA: 


TASK NAME/ 
NUMBER 


TASK DESCRIPTION 


EXPECTED OUTPUT 


3«3*1«12 I Provide Real 6 Complex Models 


Present 


• All nodes require twr core locations 

• All nodes are Created as complex quantities with complex arlthmatic performed 
by Che user within SYSTID models 

• SYSTID expressions are treated as real Fortran expressions rather than 
complex expressions 

• Complex arithmetic Is accomplished via the use of some utility functions 


I Planned 


• After further study, the development cost for handling both real & complex 
nodes far out weighs the anticipated advantage (l.e., one storage location 
for real nodes) 

• The obvious and most useful modification is to allow direct complex expression! 


3.3.1.13 I Provide Model Debugging Capability 


See entry under "Misc. SYSTID Enhancements" 
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MAJOR TASK AREA: 


TASK NAME/ 
NUMBER 

TASK DESCRIPTION 

3.3.1.14 

Provide SYSTID Modeling Aid 


Present 


# Various utility routines and procedures to aid the user in writing a 
Fortran model 


Planned 


• Additional aids for access to and control of internal SYSTID parameters 
and storage areas as they are implemented 

3.3.1.15 

Convert to SYSTID Uni vac 1108 Exec 8 System (1110 JSC System) 


Present 


• SYSTID is written to take advantage of the Unlvac 1108 system and processors 
under the Exec II operating system 


Planned 


• Convert the current version of SYSTID to Che Exec 8 operating system 
(Input/output routines) 


• Provide JSC with the Exec 8 SYSTID for checkout at JSC 


• Use the Exec 8 SYSTID as the starting point for coding modifications 


EXPECTED OUTPUT 
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MAJOR TASK AREA: 


TASK NAME/ 
NUMBER 


TASK DESCRIPTION 


3.3.1.16 I Provide SYSTID Interactive Graphics Interface 


Present 

None - Calcomp and printer plotting are available 


Planned 

• Provide the software Interface to allow access to simulation output 
data for display on the JSC M^PS graphics unit 

• This task Is a Joint effort with JSC 


3. 3. 1.17 Provide Automatic Checkpoint Feature 

See entry under *’Mlsc, SYSTID Enhancements" 


EXPECTED OUTPUT 







MAJOR TASK ARE/ * 


TASK HAME/ 
NUHtiER 

3.3.1.17 


TASK DESCRIPTION 

Planned 

e Provide a SYSTID Instruction to Interrupt a simulation based upon any 
slmilatlon parameter, computer run time, or real time to perform 
ancillary functions or terminate (e.g., the fortran "IP" statement) 

e Provide a cross reference option for node name versus storage location 

a Provide automatic permanent update capability to the library directory 

a Provide additional coding In SYSTID models to facilitate debugging 


EXPECTED OUTPUT 
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MAJOR TASK AREA: 


TASK NAME/ 
NUMBER 

3.3.2 


TASK DESCRIPTION 

PMS Model Development 
Deleted 

Develop SYSTID EPDC Models 
Task Description: 

• Gather pertinent data on EPS elements 

• Group eleraentc as possible to minimize the number of SYSTID models 

• Generate SYSTID models, defining boundary conditions 

Expected Output: 

• Reviewed baseline EPDC (JSC) 

• Major EPDC block diagram 

• SYSTID model code and documentation 


EXPECTED OUTPUT 
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MAJOR TASK AREA: 

TASK NAME/ 
NUMBER 

TASK DESCRIPTION 

EXPECTED OUTPUT 

3.3.4 

Provide SYSTID Software Validation 

(NOTE: This task was mislabeled In the contract SOW) 

Task Description: 

• Obtain, review & select reliable empirical £FDC performance data 

• Generate SYSTID runs, using empirical data 

• Analyze the results 

Expected Output: 

• Distilled empirical data base 

• SYSTID results 

• SYSTID validation report 
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MAIOR TASK AREA 


TASK NAME/ 
NUMBER 


TASK DESCRIPTION 


3*3*5 Develop SYSTID Measuring Techniques 


Task Description: 

• Define and develop performance measuring techniques using SYSTID 


Expected Output: 

• Set of current empirical EPS performance measures 

• Selected list of performance parameters 

• List of necessary revisions 


Identify SYCTID Simulation Areas 
Task Description: 

• Using prior study results, and considering related JSC and Rockwell work, 
define areas which will be usefully attacked by SYSTID simulation 


Expected Output: 

• List of potential study areas 

• Selected list of SYSTID simulation possibilities 

• Requirements list for necessary data base, measurements, or expected 
performance definition in each area 


EXPECTED OUTPUT 








The scope of the study, relative to the objectives given above was 
more inclusive for the software-related casks, than for the EPDC performance 
analysis tasks. The former tasks utilized an available data base, in the 
form of prior SYSTID code, defined a series cf tasks well understood (in detail) 
by JSC and Hughes personnel, and except for some potentially difficult opera- 
tional details required interface with the well-defined JSC 1110 computer 
system (•••and knowledgeable personnel in the JSC computer systems area) • 
Therefore, it was reasonable to demand the widest scope for the simulation 
software enhancement, from fundamental algorithms to validated code and 
describing doc\imentation«^ On the other hand, the EPDC element modeling and 
systems performarxe analysis tasks required definition of a shuttle subsystem, 
the Eroc, at a detailed level, when in fact a number of the EPDC element 
vendors had not been chosen and explicit element characteristics were unavailable. 
Similarly, the EPDC bus assignments, and resultant EPDC subsystem topology were 
not finalized. A corresponding lack of intuition was also present in terms of 
EPDC element criticality for given system performance requirements* Thus, the 
scope of the EPDC element modeling, and performance evaluation tasks were 
tmneated from what a static subsystem design might have allowed. For instance, 
the EPDC element modeling was accomplished on the basis of engineering judgement 
and extrapolation of generically similar device characteristics by Hughes 
personnel. (A consequence of this limitation is the possibility that devices, 
such as the Remote Power Controller (RPC) actually chosen for the EPDC may 
exhibit substantially different characteristics)* Further, the performance 
analysis carried out by SYSTID simulation was limited to illustrative situations, 
since so little was known about the user load elements* For purposes of 

2 

establishing a repeatable baseline EPCX] topology, the topology employed in SEPAP 
was selected, as were the electrical bus assignments employed by it [1]* 

1*3 Technical Approach 

The technical approach used in defining the most critical SYSTID 
language enhancements, their order of completlo and algorithm design are 
given in more detail in Volume II of the Final Report, the SYSTID User Guide* 


^See Volume II SYSTID User Guide of this Final Report 
2 

Shuttle Electrical Power (System) ATialysis Program, Lockheed Electronics Co*/JSC 


In general, a number of SYSTID characteristics and capabilities which had 

existed in the initial implementation^ were found to be clumsy (the model 

TAP technique to achieve general multiport, multinode representation), or 

excessively rigid (the prior **sort** processing technique) by continued use 

oi. the language to simulate telecommunications systems. Therefore, a number 

o£ changes were deemed necessary and implemented, as matters of convenience 

to the user. In addition, the UNIVAC 1110 EXEC 8 operating system require- 

mentf4 imposed some brute force compatibility design tasks, as well as matters 

of economic operation (i.e., automatic core sizing to dynamically control 

core requirements and minimize run costs), Including "save" and "checkpointing" 

features so that the user is guaranteed useful output, even with premature 

termination. A most important and convenient enhancement was the installation 
2 

of an interactive graphics capability, so that the CRT/keyboard I/O devices 
at JSC could be used with SYSTID. 

The technical approach employed for EPDC element modeling recognized 

the lack of firm engineering data on critical units. Therefore, in parallel 

with data gathering efforts with Rockwell International (the shuttle orbiter 

prime contractor), generic data was collected and analyzed. For example, 

hydrogen-oxygen fuel cell modeling data [9] was obtained and scaled for the 

representative shuttle mission. This generic approach has serious failings, 

given the very nature of the detailed element responses desired for transient 

analysis of adequate fidelity. For example, the particular mechanization of 

a universally present device such as the remote power controller (RPC) has 

3 

much to do with its transient response • Thus , the mechanization chosen for 
the current SYSTID RPC model may not truly reflect the detailed microscopic 
response of RPC as procured. (The procurement specifications on this device 
as well as other EPDC elements generally describe the steady-state behavior, 
and are not complete with respect to the parameters which influence transient 
response) . 


Reference prior work by the Hughes staff on contract NAS9-11743 

2 

No light -pen, or direct user interaction with the CRT display is implied 
3 

Nominally energy storage components, such as Inductance and capacitance, in 
conjunction with disapative resistive losses determine this response. 
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2*0 RESULTS 


The study results fall into the categories of SYSTID enhancement, 
EPDC element modeling, and EPDC performance analysis* 

2*1 Software Development Results 

Each software enhancement task item given in the SOW SUHH^Y of 
Section 1.1 has been completed and doc\jmented* (Task 3*3) 

Volume II (SYSTID User Guide) of this Final Report will contain 
all operational and descriptive data necessary for the user, as well as a 
task item-by-item description of changes generated during the study* 

Volume III, (SYSTID Data Book) of this Final Report contains all 
program listings, flow charts and data listings* 

2*2 EPDC Element Modeling 

The shuttle orbxter EPDC subsystem can be characterized by 
functional subsets as follows: 

1* Power source elements (only fuel cells, with the current 
deletion of stand-by battery power) 

2. Power conversion elements (inverters) 

3* Distribution elements (cables) 

4. Control elements (RPC, RCCB, fuses, diodes) 

5. User interface (load elemen characterization) 

The following material will summarize the SYSTID models generated to date, 
in the order given above* The supporting analysis for these models is 
summarized in Section 5*3* 
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SYSTID LIBRARY MCH)EL DATA 


j >:onFL: 


FUEL CELL 


j GROUP ID 

i SOURCE 


PAGE DATE 


MODEL 'CAMES - 


FUEL CELL 


DESCRIPTIO.n : 

The fuel cell model outputs a voltage that is dependent on the load impedance 
and the dynamic source impedance of the fuel cell model. An input parameter is 
the nominal voltage output wanted. 


USAGE : 


IN < FUEL CELL (E, RL) > \^OUT 
Where : IN =* ground node 

E = nominal output voltage, volts (user-selected) 
RL = instantaneous load impedance, ohms 
VOUT = output voltage (node) 


SYSTID CODE: 


HOOELf 


IN . fuel CELL(»L#E) • OUT 

giSiSsigi! sjii 


6 { 5 |!!I| 8 "n 552 ! 


00271/ 


ofr 

DfF 

OIF 

OIF 

OEF 


NE RR 
NE RR 
R? 


21 

NE 


181 


IF 


)«R 

• R 
sR 

8 in 

Vb* «'''b 

OIMgNSION ZV(l) 

ZVfV) 

NZtl) 

l±t) 


EOUIVAL 
OERlNf 


DIF 

OEF 


... oil 



FINt 

FINE R|)(aRR 2 ( 
FINE R 3 xbRRS( 
FtNE cix«l,E-^ ^ 

f|nI c2xbi.e«2*I 


iiijb. 

MjH!. 





0) 60 TO too 


D 0 bR 1 xIr 2 X 4 R 3 X 

01AaClX*R2X * C2X*R3X ♦ C1X*R1X 

o;«cix*( 5 ix*r 2 x^rix*rsx)+c 2 x*»' 

0tA»ClX*C2X*R2X*RSx 
D2«D2A*RlX 
CONTINUE 


2X*»3X*(RIX*R2X’ 


E5«32.«*(l.*00/RL)«1.82/RL 

IS . IeD 2 { RL » O ., 0 ., O 0 fRL * 


0URL*D1A,02'.RL*02A) , OUT 
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SYSTID LIBRARY MODEL DATA 


MODEL: 

INVERTER 


1 

j GROUP ID 

iCONVERSI(»i 

FACE 

DATE 

.-;0DEL NAMES: 

INVERTER 





DESCRIPTION : 

The inverter modulates the DC power flow as supplied by the fuel cell, at a 
400 Hz rate, so as to provide single-phase AC user load power. • .suitable inter- 
connection of three inverters then provides 3-phase AC power. The inverter consists 
of three sub-models, a multivibrator, filter, and output coupling transformer. 


USAGE : 

VIN < INVERTER (FRQ,E,CPF, RL) > VOUT, IS, RS 
Whe^e: VIN is the source node voltage, volts 

FRQ is the operating frequency, Hz 

E is the nominal output node (AC) voltage, volts peak 

CPF is the composite power factor of the loads 

VOUT is the AC output node voltage, volts 

IS is DC current drawn from source 

I RS is the impedance presented to the source, ohms 

i 

I 

t 

I SYSTID CODE : 


. Inverter (FRQ, E, CPF, RL) 

0L0«V(NZ4D 


VOUT, IS, RS 


MOi^EL^ VIN , 

! siiii:; 



0 0LD«0L0*V0UT*V0UT/RL 


END 


} 

I 
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SYSTID LIBRARY MODEL DATA 


' VOZL: i GROUP lu PAGE | MTU 

' » 
MULTIVIBRATOR (INVERTER) ' CONVERSION I I 

j MirLTlVIBRATOR 

j DESCRIPTION : 

I This sab -mod el of the inverter provides the modulation (chop ping) capaoilit> 

of the inverter. It is typically a externally-clocked monostable circuit operating 
. nominally at 4o0 Hz, but with the capability to be clocked at arbitrary rates. 

USAGE : 

VTN < MULTIVIBRATOR (FRQ,‘E) > VOUT 

Where: VIN is the DC source voltage (node) 

FRQ is r.he clock rate, Hz 
E is the nominal output 
VOUT is the AC output voltage (node) 




j 

1 


SYSTID CODE: 


MODEL* 


1 

5 





define 


vfNZts: 


iim 


♦ 55 


NZ«ZZ 
XN«E*2,8^,i<tVIN 

VQUT»OLD 
TR»B*LCCC3*E/XN) 
IF(OLO.lE.05 CO TO 100 
TF«T-t 6^ tT.TR) RETURN 
VOUT^-X*' 

OLO»VQur 
T0FF«T1HE 
RETURN 
T0«A-TR , , 

ifit-toff.lt.td) return 

V0UT«XN 

QLD«V0UT 

ton«time 


»E) 


VOUT 


t 


! 

I 

1 
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SYSTID LIBRARY MODEL DATA 


MODEL: 

GROUP ID 

PAGE 

DAIS 

TRANSFORMER (INVERTER) 

CONVERSION 


L- 1 


MODEL NAMES: 


DESCRIPTION: 


TRANSFORMER 


This sub -mode I of the inverter provides coupling of the filtered square -wave 
output of the multivibrator to the load elements* This is currently a linear 
transformer model* « *actual hardware mechanization may require this to be a 
saturating -core device (non-linear). 


USAGE : 

VIN < TRANSFORMER (CPF) > VCXJT 

Where: VIN is the filtered multivibrator (source) voltage (node) 

CPF is the composite power frctor of the load element (s) 
VOUT is the AC output voltage (node) 


SYSTID CODS: 


I 

« 


i 

t 

I 

I 

I 


MOOCL* 


END 


N: 



youT 

j2fVI 

.rl.SE 




5!' 

.26S.971.) 


VOUT 


I 


I 


I 


SYSTID LIBRARY MODEL DATA 


yO^EL • 

i GROUP ID j PAGE 

DATE 1 

CABLE 

Idistribution i 



LLl^JisCC :;AM£S: 

CABLE 


DESCRIPTION : 

The cable model will output voltage, source current and instantaneous 
input impedance, as seen by the source. Its main use is as a connection between 
EPDC subassemblies/elements where the complex impedance transmission characteristics 
are of importance, 

USAGE : 

VIN < CABLE (R, C, XL, RL) > VOUTT, IS, RS 
Where: VIN = input voltage (node) 

R = resistance/ft, 

C • capacitance/ft, 

XL = length of cable, ft. 

RL * load in^edance (instantaneous) 

VOUT = output voltage (node) 

IS = current drawn from the source, amperes i 

RS ~ instantaneous impedance viewed by source, ohms 

SYSTID CODE : 


MODEL* 


END 


10 


0^ 

DE 

V 

R 


triNf CXbMA 


_E(R»C,XL»RL) , V0UT,18»R8 


SYSTID LIBRARY MODEL DATA 


j yC^EL: 

‘ 

GROUP ID 

PAGE 

DATE 


' REMOTE CONTROL CIRCUIT BREAKER (IL.CB) 

CONTROL 

‘ j 

1 




lIDPvAP.Y model 

RCCB 


DESCRIPTICW: 

The remote control circuit breaker is basically a switch that cuts off if any 
power exceeds some maximum power threshold. The power rating is a variable 
determined by the adjunct load and ID number. 


USAGE : 

VIN < RCCB (ID, RL). > VOUT, IS, RS 

Where; VIN = source voltage (node) 

ID = identification (Rockwell/SEPAP six-digit number or an 
arbitrary index of event sequence) 

VOUT = output voltage (node) 

RL = load impedance, ohms 

IS = current drawn from source, amperes 

RS = impedance viewed by source , ohms 

SYSTir CODE: 


WODEL 


aTPANS 
aTRANS 
10 


dIta to,cmax/.oi;«./ • 

■ 

OlP(N.CT.._ 

linAxi CO fo'io 


ElO/ 

• C2«A, 25/TO 


C5*i9,a6/T0/T0 


aTRANS IFlMODE.Gt.n XL«R(MO0E) 


15 IF(VIN/XL.LT 

20 B- 

25 W 


iO BLOMNsl 

Si j 5 ITfl 6 »t 00 )ID»TIM_ 

600 EpRMAT(/' **. RCCB LOAD 

43 




•» I«»» FAULT AT *»Ft5.«/J 


NUE 


END 


100 IN»(VIN»,25)/XL 

IN . QFACTOR(1.,0.,0,,C3, 
110 vduT«MIN(VlN,l5*XU 
120 RS«VlN/MAx(l.E* 20 » 18 ) 


l.fC2*C3) . IS 


★ 

Model stays off once tripped, for the duration of the simulation. It also 
outputs the load element ID and time of trip-off. 

1 
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SYSTID LIBRARY JWDEL DATA 


REMOTE POWER CCWTROLLER i 

GROUP ID 
CONTROL 

PAGE 

DATE 

Llt>?-A7.Y MODEL NA2IES: 

RPC 


DESCRIPTION ; 

The remote power controller is essentially a current limiter and circuit 
breaker device that monitors the power drawn by the load, limits and controls 
overload currents which can be reset by external command. 


USAGE : 

VIN < RPC (ID, RL) > VOUT, IS, RS 
Where: VIN = source voltage (node) 

RL = instantaneous load impedance, ohms 

ID = identification (Rockwell /SEPAP) six-digit number or an 
arbitrary index of event sequence 

VOUT = output voltage (node) 

IS = source current, amperes 

RS = instantaneous impedance viewed by source, ohms 

SYSTID CODE: 


MODEL 

10 


if llVIlobgJiffiPsCSgKoDe) .. , .. 

VIN , CORRENT LIMltER(XL.*IO.) , V0UT#I8»R8 


7 

} 


ic 

Once tripped, the model stays off for the dura ion of the simulation* An 
analogous output to the trip signal is given by model indication of load 
element ID number and time of trip-off* 
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SYSTID LIBRARY MODEL DATA 


KOOE!,: 


GROUP ID 

1 PACE DATE 

CURRENT LIMITER (RPC) 

CONTROL 

i 1 

LIER.ARY MODEL l^XS: 

CLIM 




CUR-LIM 




DESCRIPTION : 

The current limiter sub-mcdel of the RPC is both a current regulator and a 
cutoff switch. Its output is both a voltage that is a function of the load impedance 
and a current that is almost constant under varying load conditions. The cutoff 
occurs as a function of some maximum rated current. 


USAGE ; 

VIN < CURRENT LIMITER (RL, CMaX) > VOUT, IS, RS 
Where: VIN = input voltage (node) 

CMAX = maximum (rated) allowed current, amperes 
VOUT = output voltage (node) 

RL = instantaneous load impedance, ohms 

RS = instantaneous impedance viewed by source, ohms 

IS = instantaneous current drawn from source, amperes 

SYSTID CODE: 


SI Hstjshr* 


VOUT, IS, RS 


NE XLIM«V(NZ42) 
UZZ*U 


C0EF«1,25*CMAX 


w w, • f — « « » ^ « w H A 

I Pfel! 

sg.TP.io? 

if 


{0 

ao 

ai 

as 


IF 

X 


60 TO 50 
/RL»CLIM) 


TXbTIME 


[J{LIM.6T.0.5) 

If (T-Tft.LT.S) 60 TO 100 
IFJIM.Lt.CnFF) GO TO 100 


LIMITER FAULT AT ',F15.a/) 


END 


L|M»-1 , 

50 INbO 
100 CONTINUE 

R8*^IN/mAx? 1 ^EiioJ is5 ^ * • »*«®**^"5,R,55E»5, 1 , ) 
V0UT«IS*Rl 


m 


II 


I 


I 

I 

i 
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SYSTID LIBRARY MODEL DATA 


MODEL! 


IDEAL DIODE 


GROUP ID 
CONTROL 


PAGE I DATE 


i. i MODE L ^^A^^E S t 


IDEAL DIODE 


DESCRimON ; 

The ideal diode equivalent circuit can be represented by a simple junction 
potential, if conducting in the forward direction, and an open circuit in the 
revf^rse current direction, as follows : 

Vj = 0.7 volts 

FORWARD O" 1 I ll 1 I O ^ ^ 

* M* 1 * (junction potential) 


REVERSE 


USAGE: 


VIN < IDEAL DIODE (RL) > VOUT, IS, RS 
Where: VIN is input voltage (node) 

RL is load impedance, ohms 

IS is the current drawn from the source, amperes 
RS is the impedance viewed by the source, ohms 


SYSTID CODE: 


M00EL*^^VJN . IDEAL OIOOE(RL) . ' 

io V0UT»VIN*.7 
30 IS*V0UT/Rl 

is JStVlN.GE.lS*RL+,7) RETURN 

so VOUT«0 
60 IS«0 
70 ft$ai«E20 


VOUT# IS, Rt 
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SYST.D LIBRAkY MODEL DATA 


MODEL. DESCRIPTION: 

GROUP ID 

PAGE 

DATE 1 

REALISTIC DIODE 

CONTROL 



LiBRAF.Y MODEL THAMES: 



1 

i REAL DIODE 





DESCELLPTION ; 

This diode model represents a more likely physical realization, employing 
the diode equation to relate the bulk resistance, to changes in the current flow 

and junction potential. It is still an ^ ideal device in that the reverse current 
is 1 ma. 

USAGE : 

VIN < REAL DIODE (RL) > VOUT, IS, RS 
Where: VIN is the source voltage (node) 

RL i^ the load impedance, ohms 

IS is the current drawn from the source, amperes 

RS is the impedance viewed by the source, ohms 

SYSTID CODE: 


MODCL*^ VIN , REAL OIODE(RL) 


5 

[5 

io 


V0Ur»IS»R8 


5 .) 
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SYSTID LIBRARY MODEL DATA 


1 


1 GROUP ID 

j PAGE 

DATE 

FUSE 


* CONTROL 

! 

> - - 

LIBFJU^Y MODEL NAMES: 

FUSE 





DESCRIPTION : 

The fuse is a load current control device modeled by an instantaneous 
★ 

logical switch actuated by a rated power threshold* 


USAGE : 

VIN < FUSE (ID, RL, PMAX) > VOUT, IS, RS 
Where: VIN = input voltage (node) 

PMAX = maximum (rated) power allowed, watts 
RL = instantaneous load impedance, ohms 
VOUT = output voltage (node) 

IS source current, amperes 

RS = instantaneous impedance viewed by source, ohms 
j ID = load element identification 

SYSTID CODE: 


I 

I 

\ 


MODEL* 


VIN , Fu 8E<I0»RL,PMAX) , VQUT,IStRJ 
DIMENSION Rf7)/l.tjO»l.C-!o#5*l,ElO/ 
OEFINE 8L0WN»V(N2^1) 
nSbZZ 


2.ZZ»ZZ*1 
«)RANS RS«RL 

aiPANS CALL LOAOON(IOeMOOE) 

3 IF(SLOWN*0.5),»26 
t> IFCMOOE.CT.l) RS»R(MODE) 
7 VOUT«VIN 


I8«VIN/R 

IF(VlN*l 


.LT.PMAX) RETURN 


16 BL0NN«1 

17 WRITE(6»|00)I0iTrME 
100 F0RMAT(/' **• FUSED 


VOUTBO 

R8»1.E10 

I 8 a 0 


LOAD 


BLOWN AT SFlS.fl/) 


Model stays off when tripped for the duration of the simulation. It also 
outputs the load element ID and time of trip-off. 
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SYSTID LIBRARY MODEL DATA 


M - ’^E L ; 

1 GROUP ID 

PAGE 

DATE 

LOGICAL SWITCH 

f CONTROL 




LlbPAT.Y MODEL NAMES: 




SWITCH 





DESCRIPTION ; 

The switch element is employed in the SYSTID simulation to provide a 
lossless connection between any two topological nodes* It is therefore used 
both for topological and sequence control. 


USAGE : 

VIN < SWITCH (ID, RL) > VOLT, RS 

VOUT - VIN WHEN THE SWITCH IS CLOSED OTHERWISE, VOUT IS ZERO, 

RS = RL RS IS INFINITE IN VALUE 

ID = ANY EVENT SEQITNCE IDENTIFICATI(»i NUMBER 

SYSTID CODE: 


IS 

it 

n 

JOO 


V0UT»VIN 


VOUTfRS 


CN 


JUT»VIN 

e?*?l3 100 

VQUT«0 

CONTINUE 



SYSTID LIBRARY MODEL DATA 


FIRST ORDER BI -LINEAR Z-TRAI-SFORM WITH | GROUP ID 
VARIABLE COEFFICIENTS 1 MATH 


PAGE DATE 



DESCRIPTION 

This function is an extension of Q FACTOR where the coefficients may vary 
with time. The function takes a second order transfer function in the complex 
variable s, 


F(s; = 


and produces 


G ( 2 ) = 


a. s + a 

1 

b, S + b 

1 o 


/N -1 , ^ 

b.z ^ + b 
1 o 


the 2 -transform in the sampled data operator z . The coefficients are 

constants over the sample time interval, but are allc^ied to change with time. 


USAGE 


IN < ZEDl (Al, AO, Bl, BO) > OUT 


where : 


= input 8 transform 

= first instantaneous numerator coefficient 
= second instantaneous numerator coefficient 
~ first instantaneous denominator coefficient 
= second instantaneous denominator coefficient 
= z transform equivalent output 


SYSTID CODE: 


MODEL* 


7*1 «»!!!!!;•'■ • 

ii 

20 A11«A1>»2/dT 
30 SliaBl*2/0T 

otSiuTaOUT 






SYSTID L' BRARY MODEL DATA 


DATE 

LIbR.\RY MODEL NAVIES: 

ZED2 

DESCRIPTION : 

This function computes the hi -linear 2 -transform for a second order transfer 
function i.i the s domain whose coefficients vary with time (though constant over 
a given sample period) l*e., maps 

a + a,s + a ^ ^ 

G(s) = ^ into G(z) - - /vi 

b^s + hiS b ^ z + b z + b 

2 1 o 2 1 o 

USAGE : 

IN < ZE '2 (A, Al, A2, BO, Bl, B2) > OUT 

Where: IN = input transform in s domain 

AO = 1st numerator coefficient 

A1 = 2nd numerator coefficient 

A2 = 3rd numerator coefficient 

BO = 1st numerator coefficient 

Bl = 2nd denominator coefficient 

B2 = 3rd denominator coefficient 

OUT = output z -transform 

SYSTID CODE: 



j MODEL .DESCRIPTION: SECOND ORDER Bl -LINEAR I GROUP ID 1 PAGE 

’ Z-T8ANSF0RM WITH VARIABLE COKFFICIENTS | MATH 1 






SYSTID LIBRARY MODEL DATA 


1 MODEL: 

GROUP ID 

PAGE 

DATE 

1 SEPAP LOADS 

1 

CONTROL 


! 


^_tR.~a<Y HUDEL r^IES: 


LOADS 

DESCRIPTKW : 

The LOADS model controls the composition and sequence of SEPAP load groups 
in terms of their load equipments (elements). The model connects the loads through 
either an RPC, RCCB, or Fuse as given in the equipment /load data base^ and Is 
controlled by the Events Generator. The output of the model Is the Impedance 
presented to the voltage source. 


USAGE : 


VIN < LOADS (IL) > RS 

where: VIN = source voltage node 

IL = SEPAP load number (load group) 

RS = Impedance presented to the source 


SYSTID CODE: 


HOOEL*VIN*LQAO(IO)*RS 


4T»ANS 

aiRAK'S 

aTAANS 

aTRANS 

4 

ttTRANS 

UTRAN 

OTRANS 

4TRANS 

6 

4TRAN 

4IRAN 

«TRAN 

aTRAN 

afRAN 

4TRAN 

aTRAN 

4TRAN 

10 

aTRAN 

20 

4TRAN 

aTRAN 

22 

100 


dimension 1100(100) 

klMEN8inN^|A0Dn)!?*#l0DiF LOAD . '/.IZd) 
EOUI valence (I 2»V),(IU,l6LCf:5#aH,M06E»M65» (IT. 


POU 
0 
0 


1TVP,NE) 




r * n m fRUE, 

DO 2 I»l,106 

READ(5,3»ENo*a)Kno(n 

piRMA^dl) 

cbN?*Ny^ 

NZ«ZZ+l 

S IE(IZ(?ZAn.NE,0)GO TO 200 
DO 5 Tml.NLOO 
IF^lOgEQ^ILOO(I)) 60 TO 6 

CONTINUE 


IH«|D/100 

!u«id«|h*ioo 
IT*|U/J0 . 
IU*fu-lO*lT 


s 

s'’Ni*NC^] 

fL0(NC*6»A»IA00(5))«IUa4« 
f IH«ERCSF(IAD0) 

F0AmAT(' load not FOUNOl'.ia, 
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IAD0(3))«IT«46 
in-cuCgl V lai 

IF(IH.EQ,0)GO to 60 
llTE(6.leO)IO/IH 
)RmAT(* load “ 


• status of add ■•015) 






SYSTID LIBRARY M(H)EL DATA 


SEPAP LOADS 


[ GROLP ID 
i CONTROL 


PAGE DATE 


LILRAi'vV MCOiL 


LOADS 


LOADS SYSTID CODE (CONTINUED) 


aTRAN S IZ(ZZ-»i)ai 

aTRAN % return 
50 FLO(0,18»IAOO(5))*» • 

OTRAN % IF(IT.NE.O) 60 TO 10 
aTRAN S GO TO it) 

AO .rouDt*o ^ 

ttTRANS WRlTF(6,6niA00(2)«IA00(3) 
fel FORHATf IX, A6»A3/) 
ttTRAN S NZaNZ"> 

70 REAp(5,ll0»ENn«90)NEME,MODF» 


70 REAPf5,ll0»ENn«90)NEME,MODF»ITYP,NTYP»XN 
ATRANS WR|TE(6, U0)NENE»MOOE»ITYP .NTYP.XNATT 


»XNATT 


» j I E I. » nuwc » I I Tr 

110 F0RMAT(7X,I6.n»?X.A2,26X,Tl,F9,2) 

«TRAN S IFfNTYP.NF.l JGO TO «00 
aTRAN % IFiMODE.GT.n GO TO 70 
aTRAN S irnnLDf.Nt.NEME) GO TO 60 
75 V(N00E*n2*2)«!2.*32./X«ATT 

aTRAN S GO TO 7o 

60 NZ«NZ<f3 

aTRAN S lOL0EaNE«E 
aTRAN f EOUlPaNENE 
aTRAN S NfYP»3 

aTRAN % IFCITYP.EQ,'RC')NTYP«2 
aTRAN S iFtlTYP.EQ. 'RPi ) NTVP«1 

aTRAN $ type*nTyp 

aTRAN S V(NZt3)cl.El0 
aTRAN S v{nZ-»2)s{.E 10 
aTRAN S GO TO 7$ 
aOO 60 TO 70 

, THIS IS THE ENTRY POINT FOR NON RESISTIVE ELEMENTS 
98 IZIZZ*1)®3*NZ-ZZ 

200 IFItZCZZtn.EQ.n go to 30 

aTRAN 9 NE*I7(Zz*I)/3 
aTRAN S NZaZZ^I 
aTRANS ZZ«ZZ+jz(ZZ*l)+l 
4TRAN S RSal.EJO 
aTRANj DO 301 I»l.NE 
aTRANS XBLOHn2.i»3i *32 /v(NZ* 2) 
aTRAN S CALL LQaOCN (EQUIP, MO) 
aTRAN $ !F(MQ-2),220,230 
aTRANS XLsV(nZ« 2<*M0) 
aTRAN S GO TO ?a0 


t EOUlPaNEHE 

S IF(ITYP.EQ,'RC')NTYP«2 
S fF(ITYP,EQ. 'RPi ) NTVPal 


xl«i.e-io 


aTRAN S 60 TO 2a0 
230 XLM.EIO 
2a0 MOafTPE , 

aTRAN S GO TO (250,260,270)*HO 
CONTINUE • RCPC 

VIN * current LIMITER (XL, 20.) . VO , IS , R 
aTRAN S 60 TO SOO 
260 CONTINUE • RCCfl 


aTRAN « 6 
270 CON 


CONTINUE • RCCfl 

VIN . RCC8(»EQUIP,XL) , VO,IS,R 

t 60 TO 300 

CONTINUE. # FUSE AND OTHERS 
VIN , FUSe(-EOUIP,XL,X 0LOW) , V( 
RS«l,/n./RS*l,/R) 


VO,I8,R 


aTRAN S IF(R,GT,1,E-5) GO TO 301 
aTRAN S ROUTXLJR 
aTRAN S NTYPOaEQUIP 


aTRAN $ WRITE(6,889fl) ROUTXI -NTYPO, I0,MO 
6898 FORMAT(tS0,2X,Eia.6,3I10) 

30f NZ«NZ93 
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2.3 


EPDC Performance Analysis 


The Events Generator, In conjunction with the LOADS and EPDC models 
listed in Section 2.2, was employed^ to excite the step response of an RCCB, 

RPC, and FUSE driving a resistive load from the fuel cell source, as shown 
schematically in Figure 2.3-1. In addition, the inverter was also tested for 
step response when supplying a resistive load. Figures 2.3-2(a) and (b) dis- 
play the fuel cell bus voltage, and bus current, respectively, as the RPC, RCCB, 
FUSE, and inverter are excited. Figures 2.3-3, 2.3-4, 2.3-5, and 2.3-6 display 
the transient current flow of the RPC, RCCB, inverter, and FUSE DC input paths. 



FIGURE 2,3-1. EPDC ELEMENT TRANSIENT RESPONSE 
SYSTID TEST CONFIGURATION 


llie Event Generator actually drives logic internal to the device; the logical 
switches are shown external to the RPC, RCCB, FUSE, and inverter as a matter 
of convenience. 
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TS SST 


TINE 


figure 2.3-2a. FUEL CELL BUS VOLTAGE VERSUS 
TIME, FOR SEQUENCED LOADS 



FIGURE 2.3-2b. FUEL CELL OUTPUT CURRENT VERSUS 
TIME, FOR SEQUENCED LOADS 
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FIGURE 2.3-3. 


RPC INPUT CURRENT VERSUS TIME 
(SEQUENCED OFF/ON) 



FIGURE 2.3-4, RCCB INPUT CURRENT VERSUS TIME 
(SEQUENCED OFF/ON) 
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FIGURE 2.3-5. INVERTER DC INPUT CURRENT VERSUS 
TIME (SEQUENCED OFF/ON) 



FIGURE 2.3-6. FUSE INPUT CURRENT VERSUS TIME 
(SEQUENCED OFF/ON) 
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The coTnplete EPDC subsystem topology of Figure 7.1-1 was exercised 
by the Event Generator and LOADS model, in order to display the entire simu- 
lation capability of SYSTID. To minimize output data to manageable levels 
for t^; s preliminary ftage, only representative subsets of the EPDC topology 
were s-iected for output analysis. 

These representative subsets included: 

1) Main DC bus A, main bus B, main bus C voltage and currents 

2) Local DC bus current fed by the main buses A, B, and C into 
local DC load groups 

3) Currents of load group (DC) fed by local buses in A, B, and 
C main bus groups 

4) DC current drawn by an inverter as fed by a local bus, for 
each main bus group (the AC output currents of inverters 
driving their load groups was not displayed to minimize 
computer output). A representative sample of the inverter 
AC output is given in Section 5.3.1. 

5) Currents of dioded aft sub-bus loads, in groups A, B, and C 

6) Essential bus currents in the main bus B group 

Table 2.3-1 lists these outputs in greater detail by identifying 
nodes and branch numbers consistent with Figure 7.1-1. The appropriate 
responses are given in the same order listed in this table by the CALCOMP 
plots which follow. 
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TABLE 2.3-1. EPDC ’^AT’ ’ RESPONSE PLOTS IN 'EQUENCE IN WHICH THEY FOLLOW 


1 EPDC 

Element 

Current .'Voltage^ 
Identification 

Figure 

Comments 

Main bus A 

I 101 

2.3 - 7 

Current drawn from 
fuel cell 1 

Forward, local 




DC bus A 

I 120 

2.3 - 8 

Current arawn from 
main bus A by local 
bus loads 

Local bus A 
DC load group 

I 121 

2.3 - 9 

Current drawn by 
load group 121 

Inverter 
bus A 

I 19 

2.3 - 10 

DC current drawn 
by inverter when 
supplying load 
group 123 

Aft sub-bus 
AB 

I 512A 

2.3 - 11 

1 

Dioded current 
drawn by load 
group 512 from 
aft local bus A 

Main bus A 

V 10 

' 2.3 - 12 

Voltage output of 
fuel cell 1 

Main bus B 

I 201 

2.3 - 13 

Current drawn from 
fuel cell 2 

Forward local 
DC bus B 

I 220 

2.3-14 

Current drawn from 
main bus B by local 
bus loads 

Local bus B 
DC load group 

I 221 

2.3 - 15 

Current drawn by 
DC load group 221 

Inverter 
bus B 

I 29 

2.3 - 16 

DC current drawn 
by inverter when 
supplying load 
group 223 


* 

Refer to Figure 7.1-1, the EPDC topology for symbol keying. 
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Table 2.3-1 (Continued) 


! EPDC 

Elpmeiit 

Current /Voltage 
Identification 

Figure 

Comments 

Aft sub-bus 
BC 

I 523 B 

2.3 - 17 

Dioded current 
drawn by aft load 
group 523 from aft 
local bus B 

Main bus B 

V20 

2.3 - 18 

Voltage output of 
fuel cell 2 

Main bus C 

I 301 

2.3 - 19 

Current drawn from 
fuel cell 3 

Forward local 
DC bus C 

I 320 

2.3 - 20 

Current drawn from 
main bus C by local 
forward DC loads 

Local bus C 
DC load group 

I 321 

2.3 - 21 

Current drawn by 
DC load group 321 

Inverter 
bus C 

I 39 

2.3 - 22 

DC current drawn 
by inverter when 
supplying load 
group 323 

Aft sub “bus 
CA 

I 531C 

2.3 - 23 

Dioded current 
draw;* by aft load 
group j3x from aft 
local bus C 

Main bus C 

V 30 

2.3 - 24 

Voltage output of 
fuel cell 3 

Essential 
bus IBC 

I 271 A 

2.3 - 25 

Current drawn from 
main bus A by 
essential load 271 


I 271 B 

2.3 - 26 

Current drawn from 
main bus B by 
essential load 271 
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FIGURE 2.3-8. 
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FIGURE 2.3-9. 



FIGURE 2.3-10. 
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FIGURE 2.3-11. 



FIGURE 2.3-12. 
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FIGURE 2.3-17. 



i 
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FIGURE 2.3-20. 
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FIGURE 2.3-24. 
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FIGURE 2.3-26. 
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3.0 CONCLUSIONS 


All of the stated objectives for SYSTID simulation software 
enhancement were realized. . .in fact exceeded in some respects. The net 
result of this effort is the presence, cn the NASA/ JSC UNIVAC 1110 operating 
system, of a greatly improved SYSTID language, whose user utility and 
operational flexibility are much improved relative to the original SYSTID 
software. Incorporation of the JSC IK)FS (Hazeltlne 4000G) CRT terminal as a 
device for SYSTID user input/output has added another dimension of user 
convenience. 

The study achievements in the tasked areas of shuttle electrical 
power system element modeling and performance analysis are more conditional 
than the clear-cut status of the software tasks. The preliminary discussion 
in the section on results, and the following general discussion section 
should make clear that a finalized EFDC topology and EPDC element data base 
do not currently exist. Therefore, at best, the SYSTID models describe 
generically similar devices, not necessarily the behaviour of devices which 
will eventually be specified by Rockwell/JSC. Similarly, due to lack of 
detail on EPDC elements, their bus assignments, and characterization of 
load devices, the performance axialysis has necessarily been merely illustrative 
In terms of its utilization of SYSTID simulation capability and the nature of 
the performance measures, i.e., response of EPDC source/control elements to 
load shorts, etc. 

What has been accomplished, therefore, in the EFDC modeling and 
performance task efforts, is 1) the establishment of generic models, which 
may be quite adequate (with parameter adjustment) in the representation of 
finalized hardware elements, 2) establishment of a "superset" EFDC topology, 
and associated event generator, which can be modified with additional detail, 
as the system design solidifies, 3) a qualitative measure of typical EFDC 
transient resp-'nses at certain interesting points, as load states are varied. 
The latter observations of SYSTID outputs at appropriate points can be used 
to size circuit protection devices (RPC, RCCB, fuses) determine bus current 
flows for redundantly-configured loads such as the essential buses, and 
computers, under fault conditions. In short, the addition of firm hardware 
characteristics to the model data base and minor changes to Che system 
topology will allow utilization of the study performance simulations for 
useful system prediction and design analysis. 
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4.0 RECOMMENDATIONS 


Based on the results of the study and the knowledge gained about 
the shuttle EPDC by ^T^ghes study staff, it is possible to recomoiend that the 
following additional tasks, as described in the abbreviated statements 
below be pursued. A functional task flow oveir/iew of the proposed follow*on 
is presented in Figure 4.0-1. 

The original EPDC/user subsystem SYSTID simulation and performance 
analysis goals continue to be worthy of implementation. However, given the 
continued fluidity of the EPDC and user (load) subsystem design, more 
immediate attention to valid detailed modeling of as many EPDC and user subsytem 
elements as have been defined would appear to be more productive than larger- 
scale system performance analysis* 

Therefore, it is recommended that a well-researched, validated and 
documented EFDC/load subsystem element modeling effort be undertaken as a 
follow-on study effort. The enhanced SYSTID software and preliminary EPDC 
modeling efforts carried out in this contract have provided a secure foundation 
which will underlay the follow-on element modelf i';, and eventual system 
modeling and performance analysis. 




FIGURE 4.0-] . TYPICAL STUDY TASK FLOW DIAGRAM 
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MAJOR TASK AREA: SHUTTLE ELECTRICAL POWER, DISTRIBUTION, AND CONTROL (EPDC) SUBSYSTEM ELEMENT MODELING 


TASK NAME/ 
NUMBER 

01 

02 

03 

04 

05 

06 


TASK DESCRIPTION EXPECTED OUTPUT 


Establish a data base management scheme whereby EPDC and user load element Organizational data flow, 

characteristics and specifications are obtained in a timely manner with a forij^al definite schedule and 

NASA/ JSC /Rockwell /Hughes interface, and clearly stated data requirements. workii g group meetings, 

vendor visits. 

Generate descriptive transfer function data, and equivalent mechanization for each Set of steady^state 

EPDC source, control and distribution element based on current detailed clement transfer functions; unit 

hardware performance specifications and vendor data. configuration and para- 

meters. 

Generate descriptive characteristics on each major important EPDC user subsystem . Set of user load 
including its admittance parameters, drive voltages or current detailed bus characteristics, 

assignments, mission time profile (of adequate detail). 

Generate SYSTID model code for each of the models defined by the prior SYSTID code, 

characterization tasks. 

Obtain or generate transient response (i.e., step response) test data on all EPDC Comparitive transmit 
and user subsystem load elements, with adequate time resolution. Compare this response plots and modifie< 

data with SYSTID model simulated response data, for equivalent conditions, in order SYSTID model parameters, 
to validate these models .. .adjust SYSTID model parameters as necessary. 

Establish shuttle operating philosophy and mission mode criticality measures. SYSTID simulation runs. 

Determine critical paths and EPDC/user elements, for subsequent fault simulation, and performance analysis, 

and circuit protection analysis. 







5.0 GENERAL DISCUS f I ON 


5 . 1 Int roduction 

The material in this section will, 1) introduce the basic concepts 
of the time-domain simulation of continuous systems, as exemplified by the 
SYSTID software enhanced and utilized in this study effort, 2) provide 
additional detail on the EFDC element model representations sucsnarized in 
Section 2.2. 

Acknowledgement is toade at this point of those Hughes staff members 
vdio have contributed directly to this study, or to ancillary efforts. 

In Darticular, the outstanding SYSTID enhancements generated by Dale Paynter, 
with inter-active graphics I/O capability as added by John Forbes, must 
be noted. The EIDC data research and modeling efforts were carried out by 
Ivar Highberg, Nels Palmquist, and Johnetta MacCalla. 

5.2 SYSTID Discussion 

Some time ago, the need to accurately simulate real systems, 

particularly telecommunications systems, became apparent, and a time-domain 

simulation effort was fnitiated [78] at Hughes, on the Surveyor program. 

These efforts^ of M. Fashano, W. Mayfield, N. Wagner and others were carried 

forward in succeeding years by D. Paynter and M. Fashano (and R. J. Rechter) 
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under two NASA JSC contract efforts [76, 77], culminating in the SYSTID time- 
domain simulation software. SYSTID represented a starting point for this study 
effort. Though the main thrust for SYSTID *s genesis and application was to 
simulate telecommunications systems. Its design was deliberately made 
sufficiently general to allow representation of a general set of physical 
systems. Thus, the application of SYSTID to the shuttle electrical power 
system was straight forward; only new library models, to repre^tent the shuttle 
elements was necessary (Volume II, User Gu5.de, report will list the tele- 
communications system model library currently available in SYSTID). 


^The SAMDAT simulation software 
^NAS9-11743 
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Program Description 


SYSTID is a system of computer routines that provides the analyst 
with a powerful tool for the transient simulation and analysis of complete 
systems (e.g,, telecommunication, power, electronic, and servocontrol 
subsystems) • 

The program accepts as input a topological black box description of 
a system, automatically generates th^ appropriate algorithms, and then 
proceeds to execute the simulation program. Thus the user is not necessarily 
required to write the algorithms in a computer language nor possess a great 
facility in computer programming. The system description, including both 
topology and element information, is supplied to the program in a free-form, 
user-controller engineering language which is easily learned. 

SYSTID offers the user enormous flexibility in the representation of 
system elements (i.e., black boxes). An element may be defined as: 

1) An SYSTID library model 

2) A user-written, temporary SYSTID model 

3) A FORTRAN arithmetic expression involving any intrinsic 
SYSTID parameter, constants, variables, FORTRAN library 
functions, SYSTID library functions, model output nodes 
and user-supplied FORTRAN functions. 

The SYSTID model library consists of a set of computer routines 
either written in FORTRAN or SYSTID, \diich have been stored on a library 
file and cataloged in the SYSTID directory. The user, at any time, can 
modify or replace the library and directory as he may choose; thus every 
user can easily create his own library. One unique characteristic of SYSTID 
is the capability of nesting models to a level of 100; that is, any model (or 
system) can reference up to 100 models, excluding itself. The nesting 
feature provides the user with the tools necessary to build a model library 
to suit his needs based on a canonic set of models. 

The basic, or canonic, SYSTID library consists mainly of a group of 
routines that aid in the simulation of continuous functions, which may thus be 
presented by functions of the complex variable, s, as G(s). The technique 
applied is that of the bilinear z-transform difference equation representation 
of G(s). The transfer function may be defined in several ways in terms of its 
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poles and zeros or as one of the classical filter functions such as Bessel, 
elliptic, etc. The sample data routines accomplish all the necessary trans- 
formations in addition to the numerical processing such as integration anc 
differen .iation. In addition, all of the FORTRAN arithmetic features are an 
intrinsic part of the SYSTID library, although they do not appear in the 
directory. 

The bilinear transform rather than the standard z -transform is used 
in the representation of continuous functions because it eliminates aliasing 
errors, making possible the realization of commonly encountered functions 
whose response does not approach zero at high frequencies. Note that 
aliasing of the system driving signals, however, is still possible if the 
user chooses an inappropriately low sampling rate. 

Another aspect of the SYSTID model library is that it contains 
FORTRAN subroutines - that is, when a model (or system) is processed by 
w "TID, the result is a FORTRAN subroutine (or main program) which is 
ava .ble to the user for any purpose, whether for SYSTID or not. Thus, 

SYSTID can be viewed as a FORTRAN program generator that converts a 
topological, nonprocedural input into a procedural language - FORTRAN. 

Although not unique to SYSTID, this aspect allows evaluation of mathematical 
problems via SYSTID with no concern for the input/output coding necessary 
in FORTRAN programs; that is, SYSTID may be used as a shorthand FORTRAN system. 

The functional flow of SYSTID is sketched by Figure 5.2-1. 

SYSTID flexibility is in part attained by designing the program to 
execute as a multipass processor in a batch mode of operation. The first 
phase reads the user input description of all models and/or a system and 
proceeds to formulate the corresponding FORTRAN algorithms. In this 
phase, the program checks for input errors such as erroneous model refererxes, 
dangling nodes, etc. in which case appropriate error messages are issued., 

If the first phase terminates without fatal errors, the FORTRAN routines are 
automatically compiled and collected with the SYSTID library fo form the 
second phase, that of executing the simulation. 

Output from the program includes plots as well as tabulated data. 
Conventional output is any system node which may be individually selected, or 
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FIGURE 5.2-1. SYSTID TIME-DOMAIN SIMULATION 
SOFTWARE FUNCTIONAL FLOW 
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any variable whether intrinsic or u3er**deflned. Plots can be produced on 
the printer as well as a digital plotter (e.g., CALCOMP, SC 4020). Printed 
data can be formatted, under user control, for either 8-1/2 by 11 inch pages 
or the full 11 by 14 inch page. In addition, input/output can be accommocated 
with a CRT/keyboard terminal, as exemplified by the JSC MOPS (Haxeltine 4000G) 
terminal. (Digital plotting is installation-dependent.) 

Tbe additional flexibility of linking to a user defined post 
processing routine is intrinsic to SYSTID when utilizing the POST system 
identifier. This feature allows the user to access the time histories of 
any node, or variable much the same way as the plot routines. As a 
matter of fact, the plot routines are indeed intrinsically named postprocessors. 
Utility routines are available to perform any necessary input/output for the 
user. 

The user, because of the two phase aspect, has available to him 
several techniques for controlling his computer runs and ensuring that the 
most effective use is nt^de of the machi\.e time. The primary means is that 
of saving the results of the first phasr. (the collected simulation package) 
for subsequent reruns with alternate input data. Rerun would then simply 
entail a load-go operation, with input data provided at execution time by use 
of the DATA identifier in the first phase. 

Some theoretical aspects of sampled data simulation which underlie 
SYSTID are suimarized in Appendix 7.6. 

5.3 Technical Discussion of SYSxlD Models 

As the figure below illustrates, the shuttle EPDC can be functionally 
represented by 1) source generation, 2) source conversion elements, 3) power/load 
distribution and control elements, 4) user subsystem load elements. The entire 
shuttle electrical power system (EPS), from the analysis and simulation view- 
point, must include the user load elements, since they influence the electrical 
power, distribution and control (EPDC) subsystem so extensively. The status 
of the EPDC topology and the characterization of the EPDC elements is still in 
flux at this report's submission. Some reference procurement specifications 


5-5 



SOURCE 

1 1 

, SCARCE . 

POWER/ 

1 

SUBSYSTEM 

ENERGY 

1 POWE R 1 

LOAD 

1 LOADS 

CONVERSION/ 

FOW6R 

GENERATION 

1 PROCESSING 1 

1 

1 1 

DISTRIBUTION 
AND CONTROL 

1 

1 

INTERNAL 
1 PROCESSING 

• FUEL CELLS 

1 •INVERTERS 1 

• DISTRIBUTION BUSES 

! tTRANSFORMERS 


* ^TRANSFORMERS < 

•SWITCHES 

* •TRANS'ORMER/RECTIFIERS 


^ REGULATORS) , 

• RCC8 

1 •REGULATORS 



• RPC 

1 •INVERTERS 


1 1 

•FUSES 

• EMI FILTERS 


EFDC 

EL*^CTRICAL POWER SYSTEM 


FIGURE 5.3-1. FUNCTIONAL ELEMENTS OF THE 

SHUTTLE ELECTRICAL POWER SYSTEM 


are given in Appendix 7.5 for these EPDC elements » such as the Inverter » RPC* 
RCCB* etc. The level of detail for the user load elements is much poorer* 
particularly (as the imple data sheets of Appendix 7.4 show) for transient 
response da^-a* as opposed to steady-state response parameters. 

The data to follow will be largely schematic in nature. Much 
of the detailed analysis is dependent on arbitrarily assumed equipment mech- 
anizations, and lending an unjustified credence to the models should be 
avoided. Clearly, the jRodification to these SYSTID models can be made in a 
straightforward manner, as soon as the equipments are selected and are 
described in adequate detail for SYSTID modeling. 

5.3.1 EPDC Models 

Fuel Cell Model Development 

The fuel cell is clearly an important, if not the most important 
EPDC element, in terms of its performnnct . Unfortunately, little explicit 
data was available which would indicate the transient response of the device 
as opposed to its steady-state response. Some data was obtained from an 


5-6 



interesting analysis !78, , which unfortunately did not cover a sufficiently 

wide range of output current variation, or peak cirrent, relative to the fuel 

cells anticipated for shuttle use. The non-linear second order RC lowpass 

network proposed^ by McKechnie as an equivalent circuit thus was not amenable 

to extrapolation ov^r the wider output current changes anticipated for the 

shuttle EPDC simulation. Table 5.3-1 is reproduced from this reference. (The 
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Apollo hydrogen-o?-ygen fuel cell system manufactured by Pratt and Whitney 
was deemed most applicable to shuttle EODC simulation). 


TABLE 5.3-1. SUMMARY OF TYPICAL FC DATA, IN TERMS OF PARAMETERS 
SHWN IN FIGURE 5.3-3 (AFTER McKECHNIE) 


I 

(Amps) 

AI 

(Amps) 

Eo 

(Volts) 

Ri 

(Ohms) 

R2 

(Ohms) 

R3 

(O’ms) 

^1 

(Farads) 

C 2 

(Farads) 





(Ptatt & 

Whitney, I 

■*/drogen-oxygen) 

0 

1.4 

37.48 

0.1575 

0.00951 

0.256 

15.66 

3.41 

1.4 

1.6 

•'6.71 

0.128 

0.0143 

0.226 

18.78 

1.79 

3.0 

1.2 

36.03 

0.157 

0.0129 

0.227 

13.2 

1.45 

4.2 

1.3 

35.44 

0.096 

0.00389 

0.232 

8.56 

4.43 

5.5 

1.3 

34.99 

0.091 

0.00314 

0.217 

10.67 

3.83* 

6.8 

1.2 

34.56 

0.087 

0.00271 

0.199 

9.25 

5.03 





(General 

Electric) 



0 

1.6 

6.232 

0.038 

0.00811 

0.423 

7.59 

1.88 

1.6 

1.6 

5.363 

0.0561 

0.00186 

0.0969 

5.38 

2.445 

3.2 

1.6 

5.132 

0.0542 

0.00166 

0.0613 

5.63 

1.96 

4.8 

1.6 

4.957 

0.0486 

0.00175 

0.0414 

5.46 

3.56 

6.4 

1.6 

4.818 

G.0204 

0.00111 

0.0264 

6.0 

6.91 





(Hydrazine-oxygen) 



0 

1.28 

12.62 

0.1755 

0.179 

0.344 

0.244 

0.957 

1.28 

1.12 

11.8 

0.1392 

0.106 

0.182 

0.2208 

0.55 

2.4 

1.12 

11.26 

0.170 

0.133 

0.230 

0.167 

0.433 


* 

The nominal 34.99 volt case was chosen, with C? decreased by a factor 
of 10, in order to reduce the PC's rise time to convenient values. 


^A set of circuit parameters was d fined for each load increment. 
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The transient responses specified for the SYSTID model are consistent with 
P and W data (see page 7.4-9). 
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In particular, the fuel cell supplied only DC loads, with a solid 
state invertor (to be discussed next) for conversion to AC, as shown in 
Figure 5.3*2. 



r 


FUEL 

• 

STATIC 

CELL 

i 


INVERTER 

0, 

— ♦ OC LOADS 


AC 

LOADS 


FIGURE 5,3-2. TYPICAL FUEL CELL/INVERTER SYSTEM 


The equivalent circuit employed for the fuel cell is given by the 
simple^ RC ladder network, as shown in Figure 3.3*3. 



VOUT 



FIGURE 5.3-3. FC EQUIVALENT CIRCUIT 


^Deceptively so, since R]^, R 2 , C^, C 2 are functions of nominal output voltage 
and load current. Ir particular, a variable gain compensates for insertion 
less, so steady-state response is unaffected by the RC network. 
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The DC output voltage of this fuel cell versus output power after 
SOOO hours of performance Is given in Figure 5.3-4. 



0 4 8 <2 16 20 


OUTPUT POWER. KILOWATTS 

FIGURE 5.3-4. TYPICAL FUEL CETL OUTPUT VOLTAGE- 
POWER CHiiRACT ^TIC 


In order to establish the reasonableness of the SYSTID model, with 
respect to its transient response, a step change in FC load was mechanized, 
as shown in Figure 5.3-5. 



FIGURE 5.3-5. SYSTID STEP RESPONSE TEST CIRCUIT 
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The resultant fuel cell terminal voltage, BUS, and current delivered 
to the load, IBUS are displayed in the CALCOMP plots of Figure 5.3-6(a) and (b). 

Inverter tto d el Development 

The inverter procurement specification (see Appendix 7.5) was used 
as a basis for generation of a representative block diagram. Functionally, 
the inverter can be represented as the cascade of elements shown in Figure 5.3-7. 

This simplistic block diagram ignores some potentially important 
aspects of the inverter's performance, i.e., internal regulation and circuit 
protection, output transformer mechanization (nonlinear saturating-core opera- 
tion with final waveform filtering for instance), and sensitivity to composite 
load power factor. Obtaining these and other detailed characteristics will 
require internal definition of the device by the vendor. 

Monostable Multivibrator (Inverter) 

The output of the multivibrator has an idealized waveform given in 
Figure 5.3-8. 

where 

s - 'd ■ 

and 

A = 

2 In 3 

E * nominal output voltage 

Ejj = E - (0.1) (28 - VIN), where VIN is the input DC fuel 
cell voltage 

Waveshaping Filter (Inverter ) 

A lowpass filter is used to attenuate the odd harmonics present in 
this waveform, and produce an acceptable approximation to a sinusoidal waveform. 
In particular, a second order Chebyshev function with peak-to-peak ripple of 
0.1 dB, and a ripple bandwidth 1.25 times the nominal multivibrator center fre- 
quency (clock rate) of 400 Hz. 
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FIGURE 5.3-6a. FUEL CELL TERMINAL (LOAD OR OUTPUT) 
VOLTAGE VERSUS TIME WITH A STEP 
CHANGE IN LOAD CURRENT (RESISTANCE) 




FIGURE 5.3-6b. FUEL CELL OUTPUT CURRENT, IBUS, 
DELIVERED TO LOAD FOR A STEP 
CHANGE IN LOAD RESISTANCE 
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4O38015(U) I 4038016<Ut 
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FIGURE 5.3-7. SYSTID INVERTER MODEL BLOCK DIAGRAM 



FIGURE 5.3-8. TYPICAL OUTPUT WAVEFORM OF THE SYSTID MULTIVIBRATOR SUBMODEL 
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Coupling Transformer (Inverter) 


The coupling transformer can be represented by an ideal element, 
with unity coupling and linear operation over the range. (In order to pre- 
serve some inherent degree of self-regulation and minimize core weight, this 
transformer may actually be realized as a saturating core device.) 

Given the linear model, a typical realization is shown in Figure 5.3-9. 



TURNS 

Cpy Cp2 primary plus BePLECTED secondary RATIO 
INTRA^WINOING CAPACITANCE 

Lpt* PRIMARY WINDING INDUCTANCES 

IS FILTERED AC INPUT. FROM MULTIVIBRATOR 

VquT AC VOLTAGE DELIVERED TO LOAD 


FIGURE 5.J-9. TYPICAL DRIVER AMPLIFIER/COUPLING 
TRANSFORMER SCHEMATIC 


For assumed values of active device and transformer parameters, a 
voltage transfer function can be written in terms of G(s) as 


^out ^ (1.414 CPF) 1.07835 

'^in 1.5 X 10“^ + .263 S + 571.0 


/ 
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NOTE: For three-phase operation, the inverters are configured to effectively 

coupTe -heir outputs in i connect ion, as sketched below: 


1 2 



In the simulation, the multivibrator outputs are sequenced in phase angle 0 
120^, 240^, to achieve three-phase operation. 

As in the case of the fuel cell, the SYSTID inverter model was tesced 
for step response, as shown in Figure 5.3-10. 


'nvrv 


‘oc V,^J 


^INVRi 

SYSTID 

INVERTER 

MODEL 

-L 

f'' 

1 




Rli = ^ 
R^2 * ooil 


FIGURE 5 •3-10. SYSTID INVERTER TEST STEP RESPONSE 
DIAGRAM 


The resultant transient responses are given in Figures 5. 3-11 (a) 
and 5. 3-11 (b). 


5-14 






FIGURE 5. 3-1 la. INPUT DC CURRENT (REPRESENTING FUEL 
CELL) TO INVERTER VERSUS TIME, FOR 
A STEP CHANGE IN INVERTER LOAD 
IMPEDANCE 



FIGURE 5.3-llb. INVERTER AC OUTPUT VOLTAGE VERSUS TIME, 
FOR A STEP CHANGE IN INVERTER LOAD 
IMPEDANCE 
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Distribution Bus (Cable) Model Development 


A physically realizable power transmission cable is best represented 
by a distributed parameter equivalence. For purposes of convenience, we shall 
allow a simplified lumped-parameter equivalent circuit, namely a first order 
RC ladder network 



A 

o 

u 

» 

o 

ro 


and where 


total cable loss, ohms 
total cable capacitance, 
the load resistance, ohms 


farads 


= (R) (XL) XL, length of cable, feet 

= (C) (XL) R, ohms/feet 

C, farads/feet 

The overall transfer function can be shown to be 


V 

out 



G(S) 


(RR^C)S + (R + R^) 


Diode Model Development 

Two different representations are used for the diode model, one ideal, 
the other more closely representative of an actual device. 

Ideal Diode : 

This is essentially a battery, whose voltage is Identical to the 
diode junction potential, in series with a logical switch, to 
indicate conduction state. 






This representation employs the fundamental diode junction equation 


where 


I = junction reverse (saturation) current, amperes 
sat 

TH = constant = q/KT 

AV » junction potential, volts 


From which we may define 


where 


f ^ . 39 I 

dV sat 


Rq = Junction Impedance. 

An equivalent circuit may thus be drawn: 



out _ 




\ 39 e 


39AV 


'^In \ (Rj^ 39) Ig + 1 


and Rg, the Impedance presented to the source, which delivers Ig ampe:*es Is 
given by 
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Remote Control Circuit Breaker (RCCB) Model Development 


The RCCB passes load current based on its rating which ranges from 
15 to 100 amperes for the various dash numbers utilized In the EPDC, with a 
voltage drops 0.25 volt. At some overload condition, given as a percentage of 
rated current, the RCCB must trip and relieve the load (200 percent of rated 
current is minimum trip limit with the trip time being a decreasing function 
of overload current). It is also capable of being remotely energized, i.e., 
set^ or opened. The control voltage, applied through a 1.3K ohm source resist- 
ance, from a bus other than the main buses, over a range of 24.0 to 40.0 volts 
shall set the RCCB. Removal of this voltage automatically opens the load cir- 
cuit. A 28 vdc backup bus circuit can also energize the RCCB, and its load. 

The functional flow of the RCCB is given in Figure 5.3-12. 


BACKUP 



NO TRIP 
TRIP 

1^- 6000 A 


FIGURE 5,3-12. RCCB FUNCTIONAL FLOW DIAGRAM 


^The RCCB cannot be closed while an overload condition exists (magnetically 
latched) . 
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Operational Sequences: If both main and power bus voltages 

are removed, RCCE is not tc 'hange state. 

If control voltage is remc . RCCB must open. 

If overload occurs, main contacts wil] trip 
open. In order to close load circuit again, 
control voltage must tur^ RCCB OFF, then ON. 

The RCCB was modeled in SYSTIC by assuming a dual representation, one 
a logical control sequence, lae other an RLC network simulating a typical relay 
merhanir.at Ion. Pictorially, 


''loss 

A — 



USER 

LOAD 

ELEMENT 


• 026V 


FIGURE 5*3-13. RCCB SYSTID MODEL FUNCTIONAL FLOW 
DIAGRAM 


The RCCB transfer function representing load current flow thus 
becomes that of the relay network. A second order response given by the 
following C(s) 


G(s) 


+ (6.25/T )S + (l9.A6/T^) 
o \ o' 


where 


T « 10 ms, -the rise time 

o 
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similar to 


si‘ii ( s ,iv HI C nt twoiU 


bOUUCfc V 



Vt>LTAf.e / ' 

( 
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1 



> 


O 



R 
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K is tso relay coil resistance; C its intrawinding (or discrete) capa- 
( itasc ^ i. * . ;s relay coil inductance. 

Note that the ircuit analyzed for transient response here is the 
load lircuit. Presumably, a similar circuit exists for the control circuits 
(ciirreni simulation technique assumes no RCCB timo constants directly in con- 
trol 

The transient response of the RCCB is tested in a SYSTID configura- 
tion si- liar to that shown for the inveiter in Figure 5.3-10, i.e., driven by 
an it.oal vi'Itage source, allowing the measurement of RCCB input current, as 
sfiown in l yo^ure d-5-14, 

fv motr INuc er Controller (RPC) Model Development 

!’lie RFC is a power control device which can be controlled remotely, 
in similo.r t ashion to the RCCB. Th^ RPC differs from the RCCB mainly in its 
abilitv to limit the current delivered to the load, as well as provide trip-of<^ 
overload protection. The RPC can be turned on with control ’’’^oltages less than 
i4 volts, but more than 9 volts DC. For voltages be: veen 6.5 volts and 9.0 vdc, 
the R»'C will be shut off. No trip indication is currently anticipated for the 
althoui;ii for analysis pirposes, the SYSTID RPC model incorporates trip 
Indieatiou. The overlacd/ trip characteristics of the RPC are given in 
Kiyure 5. 5-ih. 
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PERCENT NOMINAL LOAD CURRENT 



FIGURE 5.3-14. CURRENT DELIVERED TO THE LOAD BY THE 
RCC3 VERSUS TIME, AS A mJCTION OF A 
STEP CHANGE IN LOAD RESISTANCE 



FIGUI-: 5.3-15. RPC CL.JIENT LIMITING CHAR/.CTERISTIC 
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In addition, a fail-safe capability shall exist, i.e., a fusible link. 
The aaximum load range of these devices is 20 amperes. The control voltages 
are generally supplied from the shuttle essential buses, and may be reset, sub- 
sequent to tripping, within 20 ms. Initial turn-on time iss2.5 ms, with turn- 
off times S 4 ms. The rise times are generally £2 ms, the fall times s4 ms. 

The RPC functional flow is given by Figure 5.3-16. 




•NPUT 

SOURCE 
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SYSTID 
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FIGURE 5.3-16. RPC FUNCTIONAL FLOW DIAGFAM 


The functional flow in Figure 5.3-16 is similar to that of the RCCB, 
except that the relay element is replaced with the currant limiter model. 

In similar fashion to that illustrated by Figure 5.3-10, the step response of 
the RPC is given by Figures 5.3-17 (a) and 5.3-17(b). 

5.3.2 LOAD MANAGEMENT AND SEQUENCING 

In order to effectively interface with the enozmous volume of data 
involved in the shuttle EPS, a model was developed for accessing a standardized 
load-defining data base. This model and its usage are implemented such that 
consistency is maintained between the SYSTID simulation and the SEPAP/RI avail- 
able data format. 

In conjunction with the LOADS model, a sequencer and associated soft- 
ware were developed such that a given sequence of events (or equipment time 
profiles) could be effectively used to control the SYSTID simulation. 
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!5 isr 


"SSt" 


FIGURE 5. 3-1 7a, SOURCE CURRENT DRAWN BY RPC VERSUS 

TIME, AS A FUNCTION OF A STEP CHANGE 
IN RPC LOAD IMPEDANCE (CURRl'NT) 
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FIGURE 5.3-17b. RPC IMPEDANCE VIEWED BY SOURCE VERSUS 
TIME, AS A FUIICTION OF A STEP CHANGE 
IN LOAD IMPEDANCE (CURRENT) 
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ill i 0.\^^ input data which define a given SEPAP load 

ni ; \ : 

• digit R1 ci^de) 

• *'• ' ircuit protection device v- nneetion (R?C> RCCB, tn‘ 

F';y' ^ 

• i'pe lead (resistive, inductive, etc ■ 

in * .>.• i M li : i with the above data, 'he model accesses the sequencer (LOADON) 
t\'y <U'i inlticu of trie equipment mode. Equipment modes have been defined as: 

0 - ON 

1 = standby 

r: = short circuit failure 
3 = open circuit failure 

'f-6 - open for definition 

7 = OFF 

Opera r Ion of the LOADS model requires UNIVAC data elements in TPF$^ named 
"LOADNNN" wliore NNN = 3 digit load number. If a data element is not avail- 
able, file particular load ie defaulted to an open circuit. The format of the 
data element can be seen in Appendix 7.1, wnich de:acribes the procedure for 
buiUlinv, tlu‘ load data base- 

Ihe sequencer routine LOADON is the interface to the Event Data File 
s: rtini' SilUTLE- Use of LOADON is as follows: 

CALL LOADON (ID, MODE) 

Wi i\' • 

ID = 6 digit equipme^nt number or J digit SEPAP switch 
iiumbcr 

MODE - mode of the device at this time 


UNiVAi' f'Xi:i 8 Temporary Program File. 


3*24 



Creation of the Event Data file is accomplished with the SORT 
routine, which reads data cards defining the time sequence for all equipment 
and system configuration and writes a compact data file organized for rapid 
access using minimal computer core. 

Figure 5.3-18 describ'^s the procedure necessary for preparation of 
the Load Data Base. 



(V' ® * ® INPUTS FROM 

ROCKWE LL/JSC/ LEC 


©•® © 


ARE COMPUTED OUTPUTS 


FIGURE 5.3-18. SYSTID EPDC LOAD DATA PREPARATION 
PROCEDURE AND SEQUENCE 
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APPENDIX 7 . I 


EPDC TOPOLOGY AND LOAD BUS ASSIGNl^ENT DATA 


AS PROCESSED FOR SYSTID SIMULATICftJ 



APPENDJK 7.1 


EPDC TOPOLOGY AND LOAD BUS ASSIGNMENT AS 
PROCESSED FOR SVHTTD SIMULATION 


riu* data in this appendix subsection provides the following information: 

1) an IMDC pology chosen for SYSTID simulation and performance analysis, 
namely the LEG schematic reproduced as Figure 7*1-1, 2) a listing of bus assign- 
ments derived from this schematic. 

The load switches shown in Figure 7,1-1, as displayed in the small portion 
of the overal topology below, are logical in nature, i.e,, for purposes of 
cnergi/, inj’ a given load group in the LEG SEPAP time profile analysis. 




A 




Switches 275 and 101 in this topology sector 
are examples of logical elements found through- 
out the schematic of 7. 1-1... in some instances 
they also correspond to actual devices. 


The actual circuit protection devices, i.e., RPC, RCCB, or fuses are ic^.uded 
within cadi load group . . .for instance, load gv.oup 171 includes load meats 
given hy Table 7.1-1, each load element having its own circuit protection 
device. rho listing of Table 7.1-2 displays the topology in tabular form as 
gcuierated for SYSTID, frem the connectivity da : ^ of Figure 7.1-1. The bus 
assignments shown are in terms of load groups , not yet in load element form. 
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TABLE 7.1-1. EXAMPLE LISTING OF LOAD GROUP 171 ELEMENTS 
(ESSE.NTIAL SUB-BUS 3 AB/DIE) 


I’l.KMENT 
ID NO. 

KLEMENT NAME 

LOAD SUBSYSTEM NAME 

WATTS 

DISSI- 

PATED 

<‘4oyouoo 

(4090010 

>V.STER TIMING UNIT | (WARM-UP) 

1 (OPERATE) 

ENVIRONMENTAL CONTROL 
AND LIFE SUPPORT 

40 

26 

06040200 

LOAD CONTROL ASSEMBLY UNIT #2 

ELECTRICAL POWER 
DISTRIBUTION AND 

75 

06040300 

LOAD CCMfTROL ASSEMBLY UNIT #3 

CONTROL 


Tabio 7.1-3 tabulates the load groups actually coded in SYSTID, in 
sequential order as read from left-to-right on Figure 7.1-1, first main bus A, 
then B, and rinally C. Not all of the loads were coded, due to the ominous 
number oj inconsistencies in the base data. ..a sufficient number were coded, 
to give a r^eaningful representation of the EPDC/user system. Straight-forward 
extension of the coding, given a validated data base, will rectify this situation. 
Due to (liscrepencies and omissions in the SEPAP bus assignment data (Appendix 7.2) 
as furnished to Hughes by LEC/JSC, some arbitrary assignments were made in the 
construction of these load groups. 

As an example of how the Appendix 7.2 data has been utilized in generating 
these SYSTID load group assignments, we may take load group No. 171, and trace 
its development as summarized in Table 7,1-1 above. 

From Figure 7,1-1, we note that load group 171 is driven by '^essential 
Imjs 3 AB" (alternately stated, fuel ceil No. 1, cross-coupled to both main load 
group, DC buses A and B) . From Table 7,2-1, the EPDC/user subsystem element 
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FOLDOUT FRAMI FIGURE 7,1-1. SEPAP ELECTRICAL POWER DISTRIBUTION 

. NETWORK SCHEMATIC 

7.1.3 


y 









bus assip,umonts , that DlL, has uhra ?o^d elements. (DlE is the notation 
for DC lo.ii, main 1. is A, essential DC sub-bus), Hiese three elements (one 
element lut : two states) were given in Table 7*1-4, Thus, at any given mission 
phase, the master timing unit will be in either its off, on or standby mode,^ 
and ono or both ot the load control assembly units will be energized. 
Additional information can be gleaned from Table 7,2-1, namely, whether a 
particular circuit protection device has been selected for a given load 
element. For exaii^>le, no particular device has been selected for the master 
timing unit (page 7.2-4, pointer); as a counter-example an RP(C) has been 
selected for the signal conditioning unit, II>#0413000 (see Appendix 7,3, 
page 7,3-7), In similar fashion, from Appendix 7,3, page 7,3-5, we determine 
that the load control asseidl>ly units #2 or #3 identified from Appendix 7.3, 
page 7,3-9, both employ fuses as circuit protection devices* The convention 
chosen for the illustrative simulation purposes of this study is that an 
fuse will be chosen as the representative circuit protection device unless 

otherwise indicated. 

Further, to indicate which load groups have actually been represented 
by load element decomposition and modeled in SYSTID a solid dot has been 
placed adjacent to the load on the schematic of Figure 7,1-1, 

Finally, Table 7,1-4 lists the load elements obtained from the LEG 
SEPAP card data supplied to Hughes, as a function of bus assignment* Note 
that this listing does not have load group sorting, per the topolgoy of 
Figure 7.1-1, 
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As determined by the SYSTID Event Generator 
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TAB =• 7.1-2 


SYSTTr LOAD PUS ASSlCNf'^' •" LISTINGS (EPDC TOPOLOGY) 


SYSTEM* SMUTTLc E5*OC SYSTEM 

P^EAULT.TSTrjPa ?C''' OT*,SE-3» VOI T*?8. ,CPF*1 . *P»EQ*«00, #8FTTLE;5,F:| . , . 

PLOT , 1101 ,rU0. ttai,f5l2*,l20l,I?iPrI?21»I5?3B,I30i#I3?0,I5?I,I531C.l2Tl*, 
. I27lR.Vl0.v?0,v30,IlP,T2P,I5P 
P*GE • SMALL . 
otpanI implicit REAL(I) 

***************************** HAIM MUS A 

* r, * FUEL.CElL(P101,2fi,) * VOl 

VOl • SMITCH(IOWHIO) • VlOfPlOt 


no 


vio 

vn 

vn 

VI 1 

vn 

vn 


maim DC BUS A loads 


swiTCH(no,Rin * vii,wno 

LOADjni) * «ni 


^ 112 

inAnnis 


LO*D(n«) 
LOAnnis) 
vn * LOfoniB) 
piisi./Ti./Rin 


Pit, 

Pit. 
pitfl 
PI 15 
P116 

n 1*1 ,/Pii?*i ,/Ri 13*1 ,/Piu*i ./pn5*i,/pn6) 


ni2,»lJ0 

VI? * LOAon21) * 0121 
V12 * LOAn(122) * 0122 


120 


,,,, ISVEHTER BUS A AMO FHO SUB*BUS AS 
Vl2 * IOAd(125) • 0125 

V12 * lMVERtEO(FOFG»VOLT,CPF,Rl25) * VlP, 119.019 
V12.V2? * L0AD2(«1?) • Rai?A,oat2B 

O12sl,/(1./O12m./O122*l,/Ol9 ♦ I , /09 1 2A*1 , /O60 1 A*1 , /Oajl A ) 


• • • • 


130 


viO * 
vn * 
on»wi 


MIO-LOCAL DC BUS A 
S*lTCH(nO,P131 * V13.O130 

^oAomn * 0131 




LOCAL DC BUS A 

vlo * 5 MlTCH(iaft,Ri«i * vio.oiao 
via * LnAo(iai) * oiai 
via * LOADfiaz) * oia? 


AFT SIJM-HUS A6 


Via-V2a * L0AD2f5l?) * P51 ?a.r512S 
mo oia=i ,/(l ,/Riai + t ,/oia?*i ,/R5i?A*i ,/R602A*i ,/os3i A) 

! BUS A PAMPLS and tSSEMTIAL BUS 3AP 





Ihl 


vio * switch( no.ois) * vn.oiso 

VIO * SWlTCMnbO.WlA) * V16. 01(^0 

VIO * SMITCH(170.H171A) * V17^P170 

Vl5 * S*ITCH(1 72.0171D) ♦ Vl72,0172 

Vlfe * SHiTCHM 7i,0l7lE) * V173.0173 

vn * I qad( nn • oni 

vn * LOAO(ni) * R161 

V17, V20.V03,Vl72,V173 * LnAOBOTl) * 0 1 7 1 A , 91 7 1 B, 0 1 7 1 C . R1 T 1 D ,0 1 7 1 f 
onsi,/(i./oisnt ./R172) 
onsi./d./onui ,/Ri73) 

017S017C 

010*1 -/(l , /on 0*1 - /PI 20*1 ,/Rl 30*1 ,/Riao*l,/Rl 5041 ,/R1A0*1 ,/0l 70) 
Plfl«l/f l./RtO*! ./ft27l A*l,?R3n A) 
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TA..LE /.i-2 SYSTIU LOAI' BUS ASSIGNMENT LISTINGS (EPDC TOPOLOGY) 
(Continued ) 


«■««*#*** MAIN BUS B ****************************** 


G * FUFL * VO? 

VO? * Sw1TCh(201,H?0) * V20,R?01 


?10 


V?l 

V?1 

V?l 

V?1 

V2t 

v?l 

V?1 


* 

* 

» 

* 

* 

* 

* 


N DC BUS B 


B217 
R?1 1 
R21? 
R?t5 
«?ia 
»?t^> 
R?tfe 


LOADS 

* V?l,o?tO 


^irriinirl 

lOAO(2t7) 

I 0*Df?U) 

I OApf 21?) 

L3*D(?1 5) 

tStSilU! 

Ln4n(?i#*) 

f»?lsl ./(1./»?17*1 ./R?l?*l,/W?l J^l./R?lOtl ,/P?l*)*l ,/B?U) 

Fwn Local oc bus b 


v?0 * 8'»<lTrH(??0,R?2) * V??,R??0 
v2? * LnAD(??n * R??i 
V?? * L0A0(??2) a R??2 

INVEMTFR bus B AMD Fwn sub-buses AB ANn ABC 

• V?? A LnAD(?25) * p??3 

V?? * INVFRTERCFPED,VOlT,CPF» R? 23) * V?9,T?9,R?R 
V??,V3? * LUAO?(U?3) * RA?iB,Ra?3C 
Vl?,V??,V3? * LUADi(t»on A R601 A,R601fi,Rfc01C 
??0 R??=l,/(l./R??l+1./R???Al,/R2R ♦l,/Ra?38Al ./R601B+l,/RUi?B) 


»«Tn-LOCAL 0i'S B 

w?0 * S^lTCH(203,R23) * V?3,R?30 
w?3 A IOAO(?31) A P?^l 
230 R23sR?M 

local rr pus b and aft sub/busfs bc and abc 


2m0 


250 

251 

252 
260 
261 


van A S»*lTrH(2ttO,R2a) a V?U,R?flO 

V2A A lOAD(?an * ppai 

V2<* A iOAn(2a2) A R2U? 

v?a,V3A A ina0?(523) a R523H,R5?3r 

Via,V?a,V3tt A LUAD5(602) a R602A , R6O20,R6O2C 

»2« = 1 ,/n ./M2aUl ./R2«2*t ./P5230AI ./OA02B) 

...BUS B panels and essential BUS IBC 


SAl tch(?50,R?5) a 
SAlTC-^f260»R26) A 
SwlTC‘i(?70,M271b) 
S*<|TCHf?7?,R?710) 
SwlTC-C272,R27tE) 
LOA0(25n A R251 
L0AD(26n A R261 
Ol,v27,y30, V272.V273 a 
2531 ./n./R25lAl ,/H27?j 


20 

20 

'20 

25 

26 
'25 
26 


V25.R250 
V26.R260 
A V27,R270 
A V272.H272 
A V273,R273 


LOA05(27n A R271A.C •7lB.R?71C»P?7>0,R27iE 

f?3l ,fng.ig 

Jhsl /(1./R26U1 ,/R273' 

?7*R270 

?0sl ,/( 1./R21 OaI ./R220A1 ,/R230a1,/R2«Oa1,/R >50 a l . /R?60 a 1 . /R?7n ) 
203l,/(l./R20Al,/Pl718Al./R37lB) 
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TABLE 7,1-2 
Continued) 

S**tk****^*««.>' 

6 * FUEL 
VO’ * 


SYSTID LOAD L .S A. liNML. J LI^^TINGS (EPDC TOPOLOGY) 


• A ^ ^ 

Zf.i 

rt«isc 


•u- 


’ * ■' * *1 « r ■* A 1 

1 , 26 .) * VI 

.e» 0 ) * vS 0 ,»Sftl 


^TN DC ^L'S C LPAOS 


310 


320 

t 


530 


3ao 


* S»tIi'CH(310,P31) * V3t,K3iO 

- lO'D(3ll) * 0311 

* uCAD(3K) * R312 

* L0AD(313) * R313 

L0AD(3ia) * R310 

VSl * LOA0C315) ♦ R315 

V3l * L0AR(316) * R316 

R 3 t«l,/(l./B 3 ll*l,/R 31 ? 4 -l./Ril 3 T:./R 3 l«i*l./R 3 l*>^i. 2 R 3 i 6 ) 


V30 
VJl 
V3J 
V3i 

'!!! : 


,F»iO local DC BUS C 


vil 


* S»'lTCHt3?0,R52) * V32,»320 
LOAodJn * P321 

* LOAnf322) * R322 
1(325) ♦ R325 


* inAD (325 


INVERTER BUS C AND END SUB-BUS CA 


V3? 


* L0A0C323) * P323 
V32 * INVERTER(FRE0»vnLT»CPF»R323) • V3R,X5R,R39 
V12,V32 * L0A02(a3l) * R031A.R431C 

R3?b 1,/(1,/R321*1 ,/P322*l,/R325tl./R3R ♦! , /R43IC41 , /R60tC* 1 /o«?3c) 

...MIO LOCAL OC BUS C 

V30 * SwlTCH(330,R33) • V33|R350 
V33 * LOAO(33l) * R331 
P33SR331 

,,, AFT LOCAL DC 0US C AND AFT SUB-BUS CA 


V30 * SWlTCH(3aO»R34) * V34»R340 
V34 * LOA0(34n * R341 
Vl«,V3a * L0AD2(53n * R531 a,RS 31C 
R3a«! ,/(l,/P34l*I ,/P551CAI,/R5?3C^1 


,/R602C) 

BUS C PANELS AND essential BUS 2CA 


350 

351 

352 
360 

ttT^ANS 

alRANS 

alRANS 

4TRANS 

alRANS 

ttTRANi 

aTPANS 

aTPANS 

alPANS 

aTPANS 

alRANS 

aTPANS 

aTPANS 

aTPANS 

END 


i: 


••30 * SwlTCM(350f R35) * 
V30 * SWlTCM(360,P36) * 
V30 * SPlTCH(370,P37lC 
V35 * SWITCH(372»R3710 
V36 • SWlTCH(373»R37lE 
V35 • L0ADf35lj • P351 
V36 * L0AD(36n * P36t 
V10»VO?,y30»v372»V373 * 
P35«l,/(l./R351tl ,/R372) 
P36*1./(1,/P36U1,/»373) 

“ 7 «rJ 70 


V35,o350 
V36«R360 
V57#R370 
V372,P372 
V573»R373 


L0AD5(37n * P37lA,R37lB,R37lf »P3TlD,P37lf 


P37i _ . 

R30«l,/(l,/R3l0^1 ,/P320*l ,/R350+l,/P3a0Tl,/P350Tl./P360Al ./P370) 
R30«l,/(j^/R30*l./Rl7lC+l,/R271C) 


tVjO/Rlij 


i}SS*V' . 

JliJ 

;sii, 

{|BB«V 2 tt/l 5 i 3 B 


, l0l*V30/R30t 
I3201V30/P320 
I321«V3|/R321 
l53iC«v3tt/R531C 
I27U*vOi/R271A 
1271B*V27/R271B 
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TABLE 7.1-3 


NOTK ; 


3 

4 

5 


8 

9 

10 

u 




t 



SiSTlD LOAD DEFINITION LISTING 


L. TA BtLa^I INCLUDES LOAD GROUP ITEM NO. , BUS IDENTIFICATION, 
LOAD ELEMENT ID NO. AND NAME, AND WATTAGE CONSUMED. 


MAIN BUS A LOADS 


oie 
01 “ 
0 i v» 

niR 

Dir 

nic 

DIG 

DIG 

filG 

niG 

DIG 


30080100 

50170000 

50180100 

JOIOOJOO 

50190000 

50200100 

50200300 

50200500 

50220100 

50220200 

50220SOQ 


L 0 A D 1 1 2 


POS 

POS 



FCP »1 8TAPT ♦ SU8T HTP 
fUVOM ACT 8W VLV POS 
RUO/SPOBRK act V 
RU0/8P0BPK act V 
TVC ACT 8W VLV P 
RfSVR gt L0i« L2V,_ „ 3, 
RESVR s2 lOtt LEVIl !n 5 
RfSVR «3 Cow LiVft INO . 
booyplap HTR T MTR •1/»2 
BOOYFLAP MTR 2 HTR •t/g2 
BOOYPLAP MTR 3 HTR 9l/g2 


8000 

I 


50 

50 

50 


.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

:U 


U 0 A D 1 2 1 


OIP 

DIP 

DIP 

DIP 

niF 

DIP 

DIP 

DIP 

DIP 

niF 

DIP 

DIP 

d{f 

DIP 

OIP 

OIF 

OIP 

OIF 

OIP 

OIP 

OIP 

OlF 

OIF 

OjF 

OIF 

OIP 

OIF 

OlP 

OlF 

Sif 

DIF 

n\ 


1010100 

tOlOllQ 

1110100 

3150000 

40301UO 

4030200 

6010100 

8020100 

6060100 

6100100 

7010100 

7010200 

7010500 

7010400 

m 0500 
0100 
22030000 
22060000 
22070000 
22150000 
22170000 
22210000 
30030100 
30030200 
40070100 
40070200 
40070300 
40100100 
40120100 
40270100 
40270200 
40280100 
40280200 
4O310100 
40330100 
52270000 
52100000 


RP 

RP 

RP 


FhO 


RP 

RP 

if 

RC 


IMU Ml OPERATE 
IMU «1 standby 
REACTION JIT DRVR *1 
CAUT ♦ WARNING UNIT 
PCM master UNIT tpACflUJ«l 
PCM master UNf+tDACBUl*} 
inverters IPH.750VA»80( 


RP 


RP 

a 


EVENT CNTLR’-FWO 

cntlr Aiav* 
tST ♦ CNTL 



. - «1 
. FWO •! 
ASSY ■! 


PVHO 
DC Pw 
INV.O 
. COMPU 
RP COMRU 
RP COMPU. 

COMPUT^ . 

COMPUTER 
MOM FPl 

thruster-vernier 

HP HELIUH :SOL VI V 
LP HEL.ISOL VLV-FMD 
TANK iSo THR8T VLV* FWO 
MAIN ENO H|ATER8*FW0 
FEED Iy 8 HTRS-FMO 
H2? RlLlfP VENT HTR •! 

“ VENT hTR P2 


fFWpi 
,v *FWD 


RP CAB, 
RP CABIN 




HEATER 
ABlN heater 
VEN HEATER 
WATER heater . 
FLASH evaporator 
flash evaforator 


RP 


iVAPORA 

evapora 

- - ./A 801 

diverter VA 
BRAKE/, 

6N«C p^n 



SylV 


LER 


HTR »1 
HTR «2 

«'■ 5J 

EM 


•1 


«1 


160.00 

55.00 
54.20 

20.00 
60.00 
60.00 

.00 

25.00 
260.00 

20.00 


600.00 

600.00 

600.00 


600.00 

15.00 

84.00 
84.00 

84.00 

10.00 

160.00 

16.00 

333.33 

333.33 

150.00 

455.00 

510.00 

310.00 

12.50 

19.50 

lioSiSo 


7.1-10 





T '.’* es ' 





X t 

c'S M 0 tx> 

K ' r : - 

r - ‘ i: ^ ^ s 

£ 3 

a! 

i* 

5* 

«' 3 C 1 0 1 0 0 
500S050U 

^ - r * 

t r ^ ' 

^ u ^ 4 ^ J V > j r 

M 

5* 

<4Df 201 00 

V 7 ^ 

,7 » ‘K. C '.'X y ?- S ^ 

4 i 

5* 

c *5 (» ? r J r 0 

^ ' 

^ ^ 7 ■;. T 

M 

5* 

u r ' c i :■■ '■ 

■■■ 

-vl C‘ -'-J , 

* * 

5* 

a . 3 1 1' '.; 


■ -'-^t " ’ Pi 

! 

34B 

4 * ^ •■ 

€ -. .. >► V V - 





3*r 

2 5 7 ! 0 5 1 ; 


- ' ■''■■’ . '^S-» ?■ 


3=^ 

V c * ! ; c v‘ 

: 


i* ^ 

>c 

<I 70 t 0<> 




< w 

IN 

i “ 

«! '• M 

DIM 

* 1 “ 

51M 
nf M 
f?iH 
DJ ^ 

DIM 

DIM 

ftjM 

DIM 

DIM 

DIM 


D1201W0 

ii§iSiS6 

JSOTOtO!) 
3DI5010S 
50} TO IOC 
|ie}>990o 
S}9600lo 
310!0000 
,0 
10 

Ijlsoioo 
Su^oaoo 




3IO^OOU( 

!? 8?i! 


f 

f 


' .y ^ 




:? 8 

? 5 

j ? 

^ A ' w 

' ? 

:i *9 


'I 

L ' : s 1 

c f ;; ^ 

V f ^ ^ 

:>1 


SlOiOOOO «C nan:PUL>^9P 


^ 7 7 ^ * ^ 

"" i I 

? ^MfS«4L C->?L «?• 

UNTT 

_ *■* 1 5 ii I ^ "''' f ® 0 ^ * 

c^':wo uNf? ^?«ev 
T*Mt*<5 y^ft Mg»3?P 
VLV P£P Si 

. vcSI Ubfl 

VLV M4N|F0Lf 
VLV man!folb 

JPl " ■ 


:li^5I3 vl 


:i 


«i 

m 2 


t, V p ^ 
^ Jf r '* ^ 


j 3 , 0 ? 

r§ . e 3 

i|0,ee 

24»0P 

.450 

ir50 

Sk,lil 

^ fc.CC 

lt:i§ 

5(b » 0 0 

U60.00 




^Poof^ 


7,i-:i 



7.1-i SYSTi!) !. 0 AI) UMriNlTION LiSTlNG 
((.. inuod ) 



MAN SUS A LOADS 


I 0 A 0 1 4 1 


r>i - 

Pi A 
PU 
PIA 
C! * 
PtA 
Pt A 
PIA 
PIA 
Oii 

Pi A 
D1 A 

oU 

DIA 

PIA 

PIA 

PIA 

lA 
4 
A 
A 
iA 
[i 
A 
A 

iA 

A 
;A 
[A 
A 
A 
A 


PI 

PI 

M 

PI 

p: 

PI 

PI 

PI 

PI 

0 

P! 

PI 

D] 

PI 

Pi 


0 

P 

n 

Pi 

PI 

p 

P 

p 

D 1 


A 

A 
A 
A 
A 
A 
A 
A 

oli 

PIA 


PI 

PI 


m 


A 

A 

A 

iA 

,A 

iA 


iOAOlOD RP 
1040100 RP 
10405(10 RP 
1040400 

ujoioo 

ll|0200 
(130100 
406 (M 00 
4120100 
AOlOl 00 


RP 

RP 

RP 

RP 

RP 

RP 

RP 

f 


A 050100 
AOTOlOO 
7110100 
71 10300 
TlfoiOO 
iSOlOOOO RP 
200^0100 RP 
20030100 RP 
20030200 RP 
20030300 RP 
20040100 RP 
20040200 RP 
20040300 
20060000 
20070100 
200702 UO 
20090100 
20090200 

iotooToo 

101 


*01 


i oioo 
0200 
OlOO 
0200 
20130100 
20110200 
20160000 
20170000 


20190 
0200 
0210 

20 


00 
0 
0 

202l0i00 

20220200 

20230100 

20240100 

20|9Qt00 

20270300 

20290000 

20240000 

21010100 

|l010}00 

21010300 

ffl 0400 
0100 
0100 
0100 


ASCENT TVC ORVR •! • AfT 
AERO .RF 3 RV Af<P «l-APT 
aero 9 RP SRV AMP s 3 «AFt 
AERO 8 RF SRV AMP Ji<i-APt. 
REACT JET QMS 0 R'-»« 1 -AFT 
REACT JET 0*<8 OflVRi. 2 -AFT 
rate 6 YR 0 ASSY-AFT al 
SI 6 CONO UNIT •! • AFT 

ifc cono unit-ors/rcs *1 

MASTER event CNTlR-AFT*! 
LOAD CNTLR A 8 SY-AFT ^;1 ^ 
DC PmR cRtlr aSSy^AFT «1 
MOM OPl AFT 1 
MDM of! apt 3 
EN(J interface 
MOM • OFI 
MAIN En 6 MTR 
L 02 PREVA “ 

C 02 PREVA 


UNIT 


RP 

P 

RP 

RP 

F 

P 

r 

RP 

RP 

RP 

RP 

P 

F 

P 

P 

F 

Ip 

RP 

F 

F 

P 


F 

F 

F 

F 

P 

F 


LH 

tH 


PREVA, „ 

PREVALVE 
PREVALVE 



SOLENOID 
LH 2 PRIVACvE IolIKoIo 

^si y.i 

H 2 F^O VCV «1 ! 0 /B 1 sou 
m| F *0 VLV •ifO/Rl SOL 
Ln 5 FtO VLV • 2 is/Bj SOU 
rw? RECRC VLV QR|N SOL«t. 

ET/ORB L02 Feed oxse I 

ET/OrS U 02 FEEO DISC | 
IT/ORB Lh| feed disc | 
ET/ORfl UhI feed disc S 
ET/ORR RECIRC disc 9 V 
It/ORP RECIRC disc S V 
LH 2 PRESSIN pIBC BYPASS 
It VINT VLV ISO SOL vuv 
L 02 FEEDLN REPRESS 
HE CROSSOvr 
ENO HE SUPP 
VEM mE SUPP 
VfH HE SUPP. 

HE 9 U 04 ON SOU VLV ■. 

L 02 PRESSIN PL CNTU 8 V 
LH 2 PRESSIN Ft CNTL 

It ullage sig cno pkc 
|T ullage sig CNO PKG 
II ULIAGC SIC. CNO PKG 
PROP LON LEV SNSR S 
PROP LOAD 
ENGINE 
ENGINE 
ENCfNE 
IncIne 

HE Iso 

VAP. 

QUANTI 



G SNSR 


CONTRO, valve 41 

pONTeni uiiyE 


SOL VLVS -8 . 

caging pros 


44.50 
107.77 
107. 
107. 

I: 

!I:§1 

55.00 

25.00 

40.00 

160.00 

40.00 

40.00 
50,60 

20.00 

500,00 

42.00 

42.00 

42.00 
42.00 
42.00 

42.00 

42.00 

42.00 

42.00 

42.00 

42.00 
42.00 
42.00 
42.00 
42.00 
42.00 
42.00 
42.00 

42.00 

42.00 

42.00 

42.00 

42.00 

42.00 
42.00 
42.00 

M\ 


56.00 

56.00 

56.00 



DIA 


21090200 


QUANTITY GAGING PROBE «2 1 


67.00 
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TABLE 7.1-3 SYSTID LOAD DEFINITION LISTING 
(Continued) 



MAIN BUS A LOADS 


DIA 


GAG 

G-iG 


S aUANTIT 
. OUANTIT 

Jto^oioo |N6_GJMgA^ 


L 0 A 0 S 1 2 


NG 


NG 

AUX Klf 

IX KIT 

■ 1 


• 3 

•a 


vuv'«i*Ay 

ACTUATOR 


(2010000 

J2020000 

22010000 

12090000 

lilaSooS 

10000 

-_-io Jo 
12020200 


P fNr!85''ity8 

jSaPEeO VLVSigET 
^HCRMAL CNTL HTR ■! 
tHRUSTlR • No 
THRUST ‘ 

HP M 


1 




VLV -APT 
Vtv -APT 
u Nv-virn 




l|o{gjoo 
tioioioo 


0100 

0200 


,,^-ioo 

|o5o3oo 

OTOIOO 
)70200 

?o!oo 
„5«oioo 
12080200 
lioaosoo 
J|090!00 
320P0200 
tfoROSOO 
12100100 
12100200 


DIA 


50610000 
50020100 
50050100 
§0040000 
|00( 

500' 

50090100 

80100100 

\mi 

SOlOOttOO 

imsiss 

52010000 

52020000 



» V w 

it 




RU0/8PD 8RKC 8/V 


15.00 


REPRODUCllilJJi i OK r 
ORIGINAL PAGE IS POOr’ 


j 
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TABLE 7.1-3 SYSX.D LOAD DEFINITION LISTING 
(Continued) 



MAIN BUS A LOADS 


PIL 

nil 

h ■ 

D . 
PiC 
OIL 
0 . 

0 
0 

I 
01 
01 

0: 

8 
0 
01 

8 

8 


.030100 

ioaoioo 

ioaottog 

usils 



3060000 

liloooo 

lidOOOO 

3170100 

3100100 

3190100 

3210100 

!f2Sioo 

0040000 

<i050r* 

700 

709011 

ziUoooo 

22200000 

OOOaOlOO 


L Q A D 1 6 t 


star TRKgR ♦ 

Ali DATA XDCR 
AIR DATA XOCH. 
8-BANO XMIT 
ATT TUOr DIR INO 
HOfti SIT IN0«1 
^MACH INPtAMll 
IND 







>HR8) 1 




MASS M 

Ii88p°8 


I 8??8 K 

s8?ins? laiis Jikwsjsl 

18 m 8 8888 SSiit'’.4i8! 


Rlilfilll ill? 


, HTR8-APT 

"I »TS ;l 

(MATCAI 
NS UNIT 


ii 



0090000 

0090010 

6040200 

6040300 


F 

F 


L 0 A D 1 7 1 
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TABLE 7.1-3 SYSTID LOAD DEFINITION LISTING 
(Continued) 


MAIN BUS B LOADS 


1010200 

1010210 

1110200 

«l*0000 

«|4»0Q00 

6010200 


L 0 A 0 2 2 1 


RP 

RP 

RP 


RC 


IHU «2 OPERATE 
IHU af standby 
REACTION jet ORVR ... . 
6T0 CONO UfilT«f/C AREA 


a2 PNO 1 


‘P 

”•88 

• 00 


D28 


S0080200 


L 0 A D 2 1 2 

PCP «2 START ♦ SUST HTR 1 6000.00 


«10100 

5310200 

3510500 

33ioaoc 

10050200 

2170200 


L 0 A D 2 2 1 


1 NTE0RAL 
NTC0RAL 
NTEGRAL 

ntIcral 
PCP at Pu 
TACAN a2 


6HTS-LEFT/CTR 

GHTiaQVHO 

•RIGHT 

w*ReAR . ^ 
H2Q SENSOR 



lur 

\\i: 




h 




OF Tiiic 
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TABLE 7.1-3 SYSTID La\D DEFLNITIOK LISTING 
(Continued) 


fizr 

D2^ 

D|r 

Hi 


MAIN BUS B LOADS 


L 0 A D 6 0 1 


6020200 RP PYRO CV€NT H 


6060200 RC DC P«lR 


•FWO «2 


i?'^t*"CNT|. ASSY »2 


n 00200 INV 0I{^ 

S0200 RP MOH RpJ 

70|0«0O RP MOM FF4 . , 

,20200 tC mater heater *2. , 

00 AMMONIA iOXWER tVSTEM «2 


SUfSI 


25.00 
260. CO 

io.ro 

RO.OO 

40.00 
455.00 

12.50 



02M 

02M 

02H 

02H 

P2M 

02M 

02M 

02M 

0|M 

02M 

D2M 

02H 

D2M 


30 


L 0 A 0 2 3 I 


6060200 RP 


612020C 
_0010200 
30020200 
30060100 
300^0|00 

ifl?0200 

i\mii 

31170100 

31180100 


MAIN DC D 
PC PMR CN 
002 PUR8' 
:H2 PURO 


SK :i 

„ ... ..M !ih?f 

FCP «2 0H2 PUR8E VALVE 


1 VENT 

12 PURGE VENT H. 

li 881 hr^ 


FiP 




20.00 
10. Of 


61.00 

15. 00 

13.00 

10.00 


1 1 


n?:?? 



! 



6030201 

6050200 

6070200 

7110200 

7150200 

6010100 

6020100 

6QttQtOQ 

6050100 

6060100 

6070100 



tNT TYC ORVR •£ « 

■ SVRO ASaV-AFT *2 , 

A8IV»AFT »2 


CKTLH 
MR CjT|pR 


UNIT «2 


ET * 

raSI^xon-UY 1 

NO • SET 1 




II 




60.00 

160.00 

40.0 

50.6 

42.0 

15.00 

20.00 


7.1-lb 



TABLE 7.1-3 SYSTID LOAD JEFINITKK4 LISTING 
(Continued) 



MAIN BIB B LOADS 


0020200 BP MAIN ENG HT« *2 


I 0 A 0 9 2 3 


20100200 
10150000 
$0140200 
201BQ100 

lfi°P 

|024o|oo 

20250200 

mm 

21060200 


silgEii ;t!:f 

Ko'Sf 

HP BLOHON toL VLV >2 
L02 PRESSin Pt CNTL 5V2 




U 0 A p 6 0 2 



150 

21160000 

11140000 

1204000C 

22160000 

50020200 

50060200 

S007O20O 

50090200 

50120200 

50150200 


1010200 
1040200 
1010200 
1010200 
1040200 
Sosoloo 
1170200 
1190200 
3190100 
1210200 

iii 

7040 
7090 
7090 
ag040 


01 VA 


iV 

NO APniNi lot vitvl *i 

iTR9»auX kit 

V*AUX KIT 

? itll\ , 

LDC GEAR uPLK VL «2 
Pump m2 OEPPCB VtV 


arm; 






RP H20 BOILER 


motor ^ 

•2 SYS ... __ 
BOILER ■! XPCR VLV 
«2 HEATER 


■ K ^|RP|1 
TOR Pump «2 . 

SYS I/O valve 


star truer ♦ LT SMuD i 
“ 1A7A XOCR ASSY «2 

!?? ’ 


itVAW 


;rt display u 


■2 

■2 


RP 


•PLAY 

^G CONO uni 


1! 


T 

UN 

UN 


ORVR UNIT-C 
, , cono UNIT*p3 
HOP PA 


ii 


• 2 
■ 1 

PN0r2 

• 2 


- NT 

]J§ 
«oilUSl 
S?}« “ 


T»Pei OPfK 


kSS » 

ifCR SUBLImaTQR IvS «2 
lST/CNTLi»OVfN PANS •1 
iit/CNTLi-OVEN FANl •$ 

IsTR** 5 cbSTROLlHASTEl 


1 

} 


24.00 

•«:?? 

700.00 

16.00 



. 1.00 
160.00 


L 0 A 0 2 6 1 


20.00 

45.00 
14.60 

15.00 

40.00 

40.00 

4:1S 

90.00 
207.10 
207.10 
120. 00 

15.00 

40.00 

51.00 
B.OO 

, 1:11 

10.00 
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TABLE 7.1-3 SYSTID LOAD DEFINITION LISTING 
(Continued) 


MAIN BUS B LOADS 

(. 0 A D 2 7 t 

!• D2I *040100 r LOAD eNTL* AltV-^MD *1 1 79«00 
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TABLE 7.1-i SYSTD LUAL> DEriNiTiON LISTING 
(Continui-H ; 
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SYSTID LOAD DEFINITION LISTING 


~7 ' 

X . vr > L , C . /* i-Jk 

(Gout inued ) 


MAIN BUS C LOADS 


L 0 A 0 3 M 1 


i: 

3. 

5, 
^ • 
7. 
«. 
9. 
10 , 

lii 

14, 

15, 

16, 
19. 
?0. 
?1. 
23, 

t6. 


A 

i 


03A 

''SA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 


1080JQ0 
1090^00 
1 IJOJOO 
'J060?00 
-O60J0U 
‘*120200 
5060000 
50*0100 
50*0?00 
5l JlM 0 0 
51 JC200 
5160100 
5160200 
6050 JOO 
6070300 
7060000 
7l50 JOO 
16010200 
16020200 
16040200 
1605<‘200 
16060200 
16070200 
20C20J00 


HP 

PP 

PP 

PP 

PP 

PP 


ASCENT TVC 0«VR »J - AfT 
aF«0 SR* S«V AMP «2*APT 
f^ATE 0Y«0 ASSY-A^T aj 
SI5 CflNO 1‘NTT 32 • AFT 
SIS CONO UNIT aj * AFT 
SIG CONO UNJI-OMS/RCS s2 
!6 CONO 


8f6 COnD unit -H 
MIPCBANO FOM UN 
-nIOEBANO *0M UN 
»»fO*0ND SIG CNO 
-.lOEaNO SIG CNO UNIT MTO 
STRAIN GAGE SIC CnS M|6 
strain gage SIG Cn6 mid 

LOAO CNTLR ASSY-AFT aJ 

DC PwR CNTLR ASSY-AFT aJ 

MOM OFI • Mio 

ENG INTERFACE UNIT aJ 

RATE GYRO ASSY 

MOM • SET 2 

MOM oEf *2 

PIC IGNITION - SET 2 
pfc SFPAHATION.SET 2 
SIG CONO - SET 2 
MAIN ENG HTR aJ 


•HID ai«i2 1 
IIT-Mlp Pi 1 
ifT-Hfo =2 1 

I LiNIT MJO 1 


«P 


9tt.50 

'lUl 

II:?? 

15.00 

II:?? 

50.00 
.60 
• 60 

5.60 

5.60 

90.00 

160.00 

UO.OC 

50,60 

42.00 

15.00 
J5.00 

.00 

.00 

20.00 

500.00 


L 0 A 0 5 1 1 


OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

MJA 

T'JA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 

OJA 


20050000 

20090COO 

2O10OJOO 

20 iaoooo 

2O19020O 
20200J0O 
2C210J00 
20240300 
20250J00 
21020J00 
21010500 
21010400 
21090J0O 
21090400 
21150300 
22110000 
50020J00 
50020400 
50050200 
50010JOO 
50060J00 
50070JOO 
50090 JOO 
5012OJOO 
5019OJ00 


F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

RP 

PP 

F 

F 

F 

F 

F 

F 

F 

RC 

F 

RP 


l02 F40 
UM2 TOP 
LH2 R|^RC 


VLV 


ai (0/81 SOL 
TOPPING VLV_OPEN S0|j 


OP| 


YLV 

LT2 FEfOCN RELF 
lM2 FFEOlN REPRE 

CROSSOVeR VlV 8J 

ENG he supply iso so 

L02 PRESSiN FL CNTL 
lH2 PRESSiN FL CNTL 
HE ISOL VLVS-SET J 
VAPOR ISOL VLVS-SET 
VAPOR ISOL V “ 

FNS GIHRAL 


N SOLa 

mutqfp 

S VLVa2 


tiv 

SV 


I I 


▼ 


_ J 
VS-SET 4 
TUATOR aJ 


ENG GIMPAL actuator «4 


CRC 

ISSFEEC 


lvs-set 

J 

. 1 

PRC 


MAN] 

IF 

ISOL VLV 

m 

aft 1 

MA j 

[n 

LOG 

GE 

AR UPL* 

''f- 

s3 1 

MAIN 

LOG 

GE 

AR UPLK 

VL 

»« 1 


u W V V 

log gear 

MAIN PUMP pj 


log gear OUMP 

dump V 

PJ oe 
MOTOR Pump 
S7S 

bSS: 


ciJr 

SSmE 

H20 60 

H20 60 


VLV 

Ml 


:l l 


VLV 


ES 

a J 

/O VALVE 

XFfR jLV 


HEATE* 


I 


rjL 

10 30300 

star 

njL 

1040300 

AIR^ 

OJL 

3010300 

aTTI 

OIL 

1 l Joooo 

SURF 

OJU 

31*0200 

EVEN 

OJL 

J 190400 

CRT 

OJL 

3210400 

OISP 

OJL 

4050 J 0 O 

$16 

OJL 

7040400 

RP mom 

OJL 

7100200 

MON 

OJL 

7100300 

MON 

OJL 

7100400 

MOM 


TRKER ♦ LT SHLO *J 
)ATA XOCR ASSY Pi 

^ TIMER ■? 

>ISPLAY UNIT B4 



42.00 

42.00 

42.00 

42.00 
42.00 
42.00 

42.00 

42.00 

42.00 

24.00 

24.00 

24.00 
134,50 
134,50 

J2.O0 

64.00 

20.00 
20.00 
20,00 
20.00 
26,00 

1561.00 

20.00 

50.00 

100.00 


L 0 A D 1 6 1 


20,00 

45.00 
14.60 

5.00 

4.00 

90.00 
207.30 

35.00 

40.00 
40,00 
40,00 
40,00 
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TABLE 7.1-4 


LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM LBC 
CARD DATA (APPENDIX 7.2) 


• XOT 


■ 


*99 SHt9»«94t«y«S4( 

2*^21100 2521200 

iut^ ID 

AS 

************************ 

2221 «0O0 

BUS 

!D 

DBF 

22210666 . 

BUS 

ID 

03F 

************************ 

BUS 

ID 

A 


'40170000 
*>01A0200 
'5 107'* ion 
’sn?o2o? 


?i OlOuftn 

SlO70?oo 

51 15''0'*r> 


aoi^Annoo 

5io?oofto 

*5 1 'I p '' i” (' (i 

c n A'if! ”>0 


3B3'’30C 
ar ' I n 1 00 
S'*'*-nioo 

ii 'lioodo 

Si TQOCOO 

51 1 70COO 




SVSS*****'***** ««*#««**#** 




s «»«»«« «f »««««#* #«« 


?r.3?00'*o 
1 10200 
5o'iA02oo 


51010100 
-!i01 flOOOO 

500AOJO0 


502 . . 

SlOfftBoik 14040106 

51100000 


51*80000 


•^ll 10000 
52040000 


51O102O0 

40160000 

50160100 

t\m 

52050000 


main Miis::; sliSoSdo lliiigss ,4lijiSSJ 


s«*s«**s««s;r*s****s**«** 


BUS lO A 5A 


* t ******* ****** 


25H00O aooi020o fi-jr,.) iif '^popoo aoosoioo' 'iC(^020‘h flOOSOSOO 

40050400 40050500 aO'^SOAOn 4 ^Vj 02'*C UnO{,0300 400902O9 400903.'0 

40290JOO 4O29011O UftPPOl^/; 4ft?«0?00 4 P90210 40290220 


**************** **^*^*M* 


BUS n A JB 


************************* 


2511600 66015200 flooiosoo 4Co?0tOO 40056166 40610204 «90i0160 

40O504O0 40O505OO u^''AO20C 4CO60“O0 4009020$ 40090300 

40290100 40290110 40290120 40^90200 40290210 40?902?0 




B'js n A 3C 


************************* 


251 1 000 4001 0200 4ori''3'i' ur.''?o 200 40050 JO'' 4005opoo 40050300 

40050A66 iilS(H106 400506O0 40066i66 ^ 0OOt63OO 

40290100 40290110 4'*29''13'' 40?90?00 4O29021 0 40?90|?0 




ssszzzs^ 
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TABLE 7.1-4 LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM 
(Continued) LEG CARD DATA (APPENDIX 7.2) 


t*$*'^****** ************ BUS 14 A1 »***<(#*<t*i>********»**<t*** 

************!*****«***<*** 9U8 ?D A1 SA »«»«•»»«««•«««•«»*««««**« 

2®iPlOOO ?3ni0t0p drijnioo it042(51O0 U0024'54c fi0060tP4 

100 

************************ BUS 10 A1 SA ************************* 

pontmoo 

************************ JO A1 SA ************************* 

pofiin^oo 

*»»«•**«*««*««»«««*•««»« gUB 10 A1 SB 

P501000 S0O5410O ar.ni"’'io an<'?OJOfl U0'*20340 AOOAOlOe 40000100 

«*«#**4[*«i*i|[t««*****4>«*** f JS JO A1 SC ************************* 

?i74ioo ?5Ol04p xo45oif'.i uAn^oion aooposoo aooooloo 

40000 100 

************************ BUS J4 A2 »*****♦***»*♦♦♦♦♦♦♦♦♦»♦*♦ 

5.oir,2oo soi<;02''<' 

************************ BUS 10 AS SA 

SSlOlOO ssiopor ssiosno S^lf'4'to 50''SO?f'0 

************************ BUS ID Ai SB t************f*********** 

70i'SO2O0 

* 

*********** f ************ BUS ID A2 1C ************************* 

2)70200 10090200 

**tm******************** BUS JO AS ************************* 

2SS1 100 2^31200 54ii«3n<t 5o«3<il00 5o»S?l'2oo 5O15O3O0 SOiOOijno 
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TABLE 7.1-4 LISTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM 
(Continued) LEC CARD DATA (APPENDIX 7.2) 


j 


ir/t<i/7a ioo7/.'P n''f;l5Sn7o POOi*:? S'’ 

************* pus ID &S 3 A 

ITI >U()C 


t $******«♦*«* 

S'?osr*3flo 


BUS to A3 38 


««««««««»«««»»«$*» 


517n3f^o 3C0SO3'’C 


B"8 ID *3 Sr 


************************* 


************ ******^***** 


PUS ID D 


************************* 


<>iao0A0 
- 1 1 00 
7,11 orofi 
;>! 3l OQOO 

an?i ooflo 

p 100 
•J0?S'’SO0 


?1SOOOO 

M <50^00 

dopoooo 

31 3300'''' 
e6l4dlflo 
«;o?:*02oo 
«:o?5060o 


??l«!0o 

*>1 Q 03 ''|, 

1 fcORno''!' 
?1 ?3^i 

flotao^ioo 

S0?a''3'''> 
*:o?Af' 1 0" 


»St 0 200 

7 1 0 T 1 0 0 
1 AOQ/iof’'5 

?i ?3OM0 

463S010A 

c?(1>ev«i fjO 
SP?^50?00 


3550000 

71 POJ 1 (> 

? 11 9 0 0 0 ^ 

HilSiSS 

5o?5'’20o P0?SO3or, 
SO?*>'’3PO P11O00OO 


35*0000 

7M>0?00 

2l?0rtl'’0 


3560P10 
71 P0?l r. 
?1?00300 
321 ?'’300 
50050200 
•sO?soaor, 


************************ 

7i?0f,po 7130 0 0« 


PUS ID n c 




************************ 

UI 50000 


PUS ID Di 


************************* 


Pi'S ID 0J4 


************************* 


1 OP'' 1 OP 
1 t 301 '10 
/I 1 '’30P 
20030300 
3 0 (' P 0 1 0 0 

2''130100 
30 Ppoioo 
20270300 

21 'IPPIPP 
? U' 7 0 1 0 0 
2 2 ') a 0 P P 0 
32020100 
3?0SP2PP 
320PP300 
321 1 OlPO 

seoioioo 

BP 1 0020 p 


1 nprt3ftn 
<*060 1 Pr 
71 SOI or 

20040100 

PrtftPPjr f! 
2013P200 
2022P2PP 
20180000 
21 P 301 or 
21P9P10P 
2?ppflprn 

32020200 

32o!5030p 

3204010P 

siiioloo 

B 01 003Pn 


1 r 0 0 1 , 

a 1 2 P 1 p ;) 
71 SP3P'' 
20040200 

20 T OP 1 ri(' 
201 Anonr 
202301 0., 
20290000 

21 PSP1 '^■■1 

2 1 1 0 P 0 P 
ppf'qopP'' 
52020300 
3 ?P?P 1 r<\ 
3209P?'i0 
3 ? 1 1 03 "' 
50040000 
^01 00 <10 a 


1 0 o a 30 P 
6^30100 

1 *j '■» ’ P U '1 P 

20040300 

?0 1 1 a j no 
20 1 7O000 
302^''JOP 
21010100 
21 rsn?nO 
21 1 OC 
2?i ?nonO 
3203'1100 
3?P7''?00 
32PPP3')0 
< 1 0 r 3 p P P 0 
10061100^ 
BP 1 1 00 


1 p 0 0 a p 0 
605 PI 00 
2 r p?p 1 op 

200*0000 

2P1 1 0200 
?0 1.P0 1P0 
20250100 

? 1 1 <* 0 i 0 0 
?2 h*o5oo 
32e30}00 

32070300 
321 OPIPO 

40030010 

58078160 

B p 1 5 ,0 1 n r 


1 1 2 0 1 0 r, 
P 070 1 00 
20030100 

2O200 1 Pp 
20270 1 00 

2i«mon 

2 1 05«<iO0 
22010000 
221 BOPPO 

32830300 

32040 1 00 
321 oopoo 
U0030020 

50890100 

B2P1O00O 


1 1 2'’2P* 
7 1 1 0 1 0 r 
?P 030?0 I 
20O7')2nc 
201 20200 
2021 '1 1 O'' 

2027P2O0 

flSiS??? 

22020 OOP 
221 eOf.oo 

IfSISISS 

321 OO 300 
BOO 1 Poor 
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TABLE 7.1-4 LISTING OF LOAD ELEME*:T BUS ASSIGNMENTS, AS PROCESSED FROM 
(Continued) LEG CARD DATA (APPENDIX 7.2) 


1 /JJ 04 S 3 < r>ni!i S?Q *5^ 

«* g|JJ jr OJf * V »«*«««*«**« i» *» **«««*« » 

■,(<000^0 «0<»001f' *, <1 a »'• ? #.'^ 4.0300 


*^*if**t****t9*****0***** RUS ID ftlf 


t M ^ 0 1 r 0 

7 '»IP 20 0 

unoTOirtc 


1 fl 1 1 1 r 

(j 1 X fi n 

701 0500 

p^r<T r^rir\ r 
<10070^00 
ao?«'' 20 p 


1 0 1 03'ii! 

A , n j n .| 

Toinnoo 

«n''703''(t 
u 0 3 1 ^ 1 "J 


1 1 0 5 1 0 

^ ? n 1 n 
70 1 0?o6 

4 0 ’' 0 1 '> 0 
4 o •* < n 1 M 0 


e»ee4r»e»««e«ee««e*e«»e««« 


1 uoioo 
fcO(,o I nr 
7050100 
5 ^ 3 1 0 0 n n 
i»oi 2«loo 
5??70000 


31 sonon 
41 00 1 on 

7030500 
500301 no 
<io?70i 00 
S23oonoo 


a n 3 ft j nr 
7 0 1 0 j ft 

22050000 

*cn 3 ft?o.-> 

40 ? 7 ft?nr 


«#«« «««***«t<»* *«*«*«««* (5US 10 r>i5 **e#*i»***e***e#«#»****»i»# 

30040100 50170000 SoiOflino 501-^0200 5019HOOO 30200100 30200200 
*:ft2ftft3ft0 ^OP^niftn qn?pn?OM «5rppn3nn 


gU8 lO OIL 


!('3''lO0 

3oc;n 1 n ft 

3?ioioc 

7(i402ft0 

? 2 ?nnooc 


1 0 a n 1 ft r 

Tftftnftftf, 

522010ft 

7040iftr. 

4004Ot ftft 


1 r ij 0 (i o (1 
31 

5??030n 

7r Qfti ’ '• 
4 rM 4 1 ft ft t 


? 1 1 n I f 0 

1 ' ^ ft «■. o ft 

ijounooo 

7 ' ' '» 1 n 0 

<1 ft 1 s ft n 0 ft 




5^10100 
XI 7 ft j n ft 

4050100 
7 « ,'i ft 3 ft ft 
*i??6ft0oft 


50301 nft 
51 Rftjftft 

4010500 

71 ftftiiftft 


3nuft 1 ft r 
5 1 un 1 ft r 
7040100 
221 qOftftC 


4118 in oiM 




Iftft 

3106000ft 
3 1 1 S n 1 ft ft 


61?m nft 
3106001ft 

51 ISOann 


5r *' 1 ft 1 ft.) 
31 ftTOOno 

4 1 ft 1 ft ft i. II 


r ^ ;> *5 ) n n 

31 ft7ft01 0 


5ftft70in0 

31120100 


50150100 

31130100 


30170100 

51130200 


BUS 10 OiB 




1 1 4 n 1 ft 
prijfti ftft 

2200110 

7?Rft3ftft 

34?ft300 

5'*50aft<', 

3510000 

51 •130100 

5105030 O 


1 1 6 n 1 ft ft 
2i5ft 1 ^ft 
2200200 
ppfOaftr. 

247ftinr 

3550500 
5140000 
5 1 " u fti ft r 

3105040ft 


1 1 7ft 1 O') 
Pft^ft i ft'i 
270021 0 
PXX ft 1 ftil 
P5ft ft r ft n 
556ftftft(. 

4070000 

51 ft/jft3(;.* 

4 ft 2 0 ft 1 ft ft 


1 ’ 7ft?ft0 

? ' X M ft ft ft 

22OO5O0 
?5 ifti no 

2 1 noon 
5 5'vftftOC 

22720000 
3i ^40300 
4ft 3ftft2O0 


1 ’ ftftl no 
? 1 0 ft 1 ft ft 



3550iftft 
5 4 1 ft 0 ft ft 

22230000 

3i ftuoaoo 


4ft?ft05ftft 


119010ft 
?i 2no0ft 



5550200 
3U«;oi no 


5004010C 
510501 00 

4020040(3 


2010100 
2 3 ft n 1 Of 
2280200 
24202ft ft 

35503''0 

545020 ft 
403oO 1 ftft, 




7««t4i*f««e«t«*«*»****t** BUS 10 016 




J 


41 1 OftftO 


!$$00^*$t0,fti^0*****0****» BUS JO 02 
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TABLE 7.1-4 LISTING OF LO/J) ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM 
(Continued) LEC CARD DATA (APPENDIX 7.2) 


10/'^ / / .' I '' 4 ’ 1 7 . : ^ A , , ( c, ( 

;i 1 t; f: ^ ( I 


r r r. ' c «: 


r.?Q 


P'IS T'‘ T)ik 


1 'IB 0 1 00 

1 0 

t (19(1 1 no 

1 '9o?nc 

1 120100 

1 t30200 
fc03o?or 

aObOloo 

0 0 0 p A 0 

i r f ,0^ n 

'.! 1 P A < 

» pnp(n'^ 

*, I't 5 0 1 't r 

f A C) 0 ? 0 f, 

fit 70 POO 

7 1 ♦ A 1 ^ r 

7 1 1 npn.'i 

7 ’ S* ' i 1 0 0 

7 1 50 ?oo 

1 f fti 0 i OA 

1 fApO i A A 

If' fiO t ft.f 

1 A ^ 1 ''A 


1 ^ 7 r ^ r) A 

;>‘t?o?no 

? n 0 ^ 0 1 0 A 

pOAijA;>A^ 


P 0 A a A { 0 r 

POdiiApnn 

jr, Aansno 

po'Kkftf 00 

?007O1 00 

?0070?O0 
> 0 1 3 2 0 

? 0 t ,■ 0 P 0 ■•> 

p » A f 

p ^ j ' ■• 5 A ‘ 

P - ’ P ' 1 0'^ 

5 ' 1 ?n >ft ' 

?o 1 V 0 1 or 

p 0 ! S' 0 ■ ' r ,'. 

pm M 0 p A ^ 

p A « «; 0 < A ,, 

;>.- p'w,pnA 

? - a { ft ^ r 0 

?A?3A J or 


? 0 P '• 0 0 0 

P;'P^n>n*o 

P A p 7 ^ < 

:;. 7 ft' ^ in 

:>' 7 try iff' r, 

?A AO A 

a.opcAr A', 

?topn?oo 

?1 1 =,0 J AO 

>1 030<»An 

? t 1 ^ A p 

p « 3 K A • 

Pi v7A?nn 

P ^ ft '3 n '■> 

?1 090200 

>itlO 0 f'O 

21130200 

P^OaOAAA 

?il4C?00 

52'^«i0ror 

pp •> ii A 0 A 0 

p p n Q A .• r ^ 

PP« OAf O,. 

■Jp 3 t . jn-', 

;> > 1 f 0 A ,0 

??1 jiorioo 

^jopoi or, 

T p ' ■ P 0 p 0 ('■ 

1 p n p A •< A 0 

3 p n 1 n 3 0 

V'POf, 

7 0 } 0 t (^ r, 

^pAC,A 1 A A 

t ? 0 e. 0 p A ,' 

3?^'S0.3O0 

3 ^ 070 ] Oo 

3P'“'70?f’f 

3p A 7 m 300 

320§ei'o0 

32000200 

320803 A 0 
3?1 1 Oi 0 A 

^P(, po 1 00 

X p n *f n p A A 

7P0^O»,f 

0 ♦ ''*'107 

• 5 ; 1 O 0 ? A r 

T ? 1 0 0 ; A n 

3 ?i ’ opoo 

3 :> 1 ! A 3 A ^ 

Soo,>r?'t' 

?; ** n p n n 

«, '• -t 7 0 ? r r 

so '100^)00 

S 0 1 0 0 1 0 A 

R r J 0 A P ,A A 

*; f ' 1 ^ 

- ' i 0 '• - •■ 1 

Q ^ » p r' p 1 f ) 

S' 1 5 0 ? 0 0 




Af'aono 




B"S 02F 






j I ( 1 

1 ,7 

70-if 100 


I 1 ■ 1 1 ■• 
ii - 7 0 P " r 

*.1 '■ •\p ^ 

TO30?"''' 


/J 0 1 ^ ? n -•) :i 'O 7 ^ 1 ■, . 


< 1 F' r) r ^ fw) ■'> 

7 -*• t ^ : *» *' 1 PO ^ 

Pp’VlOOO 

' 0 7r. y n,. 'i r ^ n 


1 1 I r. 1 r 

^ j n P f*' /*. 

7 ^ i r) r 


1 1 1 n p 0 fi 
^ npri ^ 0 A 
7 A j A r. 


??06000C ?20t0000 

4!'PftOP()A ar’^lApI'^ 


3 t s ^ n A 
^ 0 ? ^ ? A r* 
7 0 1 fm A •' 

?2170C^0 

c;pP7ncA^ 


■^A »fcl Ap Af, 


PUS n ^26 


J M ^ f'p An 

117^2^0 

(j n ^ A 1 n n 

p ? I 0 r n A r 




P'i$ jn AijL 


S190?Ar 
A S A p ^ n 
PPpAAnn^i^ 


^ 1 n ^ fv 

319(1500 

7 A a A 3 A 
M A a A p n r 


7 ■ 7 A po A 

5^1 ogao 

7 • Q 'I J> n C. 
! ' 1 • « ^ M ^ 


^nsopo' Of 

5?i0300 S?20l0e i?20200 

7 0 p 0 2 1 7 ’ 0 0 1 0 r 710030,,' 

/J01H3OO aoilo'OOfi POIPOODO 


^ r s o ;) r> 0 

JOlsopoo 

31 1 So<’Oo 


301 7-o?00 
t P ’ 0 1 (^ A 


7 0 1 0 ^ , '. , 

31 oi#,0ftoo 

1 1 R 0 1 ^ fl 


0 ■ p n 3 'I r 3 0 ^ 0 1 0 ,', t r 'I 0» ? 0 « 7 () 0 7 0 P 0 0; 

3P^0010 31 0700^0 3J07P010 311J0200 
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TABLE 7.1-4 LiSTING OF LOAD ELEMENT BUS ASSIGNMENTS, AS PROCESSED FROM 
(Continued) LEG CARD DATA (APPENDIX 7.2) 


/'f t\ ) ^ r ^ 7 /! - r f\ ( 1 1 c r 7 


0 0 ] t , 




PiiS P 


-<1 ;•.* .'\r) 

TP,?ApA,^ -; 7 :)n 3 nA, 7icC;>or 

7 M n 5 ■> < .1 u ^ A ? p 1 Q A r '* < . p p P * A n M 'k r* 1 1 1 1 ^ r,' u a ^ ^ p r, /i n i ii i .1 n 

n 0 1 ^ ^ V 'i 1 Q n 0 0 r* 


.-Ot^O’^AC 

7 1 1 7 1 n r 


^1 P 0 3 A 

7) 1 ^Apn- 


t A A ^ A -4 ^ r’ 

T 1 « c n7 


; n ojM 

"K r. w ' 3 M A 

35 1 7oP‘-'A 


^ 0 1 4 j p r. 
■51 • Tf'Hon 


501 7f)^pp 
ti 1 «in?'^o 


Ul?4^no 
X1 1 ftP^nr 



BUS 





R'IS T'^ 


?:»''A.100 ??0'?11f> 2?C02C0 ?2002t0 

.'pAr^A-, pP“)A^W PPC,A^r>, PPP'^POA ppaAVA^ P>RA<f;AA <j7^0pOA 

p-iA'A • P7S^<^'Ar, pTOApn, p^ ''. p 0 f, p 'I P ^ ^4 0 A P fl A p 0 PUP^ftAP 

pCTAj', pu'V-.pnp P«;:4P0 ''a J^SApAO 

7/';a 7A0 33SAUAP 3tcAcn{i 77AAH00 5380000 339OAO0 3^10000 

T^'PPpAA 7 P •*? ''»- I'jP C'^0 ^PPA^AA 3^300^0 

^nSAppr \K' n( *yf) SA^Ajnp SA^PpAA 5.’'/4AnAO 

. t q A • A *: C, .m A P A A c; »> 7, C (i 't '♦ C A 7 A fk a a I^ A O A A- A A S 1 ? 0 A 0 A 

^'S^'AA sigAAAA T^P^^Ofif) 300440300 31029000 31050300 3l030aOO 

f A p n A 1 A r i P A p A r A P " r 7 '» M ; I n P ■' A A, 


BUS fO f)^U ♦»$ |t <f [|t * $ t »*<[ f t » f ♦ » f *»f 

»4 1 » I ^1 1 A A n 1 A p A A ^ A p A '* A , fl s 0 p r a n 0 0 0 ' p A a A ^ A (i «< a s a n a o 

^ A A A ;- 


«« T ► 
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APPENDIX 7.2 

SKPAP DATA BASE (CARD IMAGE DATA AS FURNISHED BY LEC) 


7.2.0 



APPENDIX 7.2 


SEPAP DATA BASE 


l 7.2-1 displays the Images of card data supplied by LEC. The 

I:. L- tl ^quLpn>eut items, reading across are bus identiiication, circuit 
j rote it (h'vicc (if selected), EPDC or load elemt^ul procurement specifi- 
r !i u>u mimbi^r, and element identification number. The nomenclature will 
l>i‘ ilolinod in the following tables. The equipment list was obtained from 
the KK‘ctrical Equipment List dated July 23, 1974 with modifications based 
on the data in tlie latest Rockwell power profile analysis docuaient dated 
«.iuiu‘ 26, 1974. The bus description nomenclature used the following format 


c:haraoter 


1st 


!!nd 




Description 

POWER TYPE 

A = ac component 
D = dc component 

MAIN BUS IDENTIFIERS 

1 = Main dc bus A 

2 = Main dc bus B 

3 = Main dc bus C 

4 = P/L Direct from F/C 3 

SUB -BUS ASSIGNMENT 

F = Forward Local dc bus 
M = Midbody local dc bus 
A = Aft local dc bus 
E = Essential dc bus 
D = DFI dc bus 
L = LH D6cC Panel 
R = RH D&C Panel 
0 = OOSCB Panel 
P = P/L Specialist Panel 

5 = Mission Specialist Station 
T = ALT Panel 

W = P/L Bus 

P - General (any other direct loads) 


7.2-1 



I 


{.Ua I icier 


DescriDtion 


all LOAD CIJVSSlFiCATION 

1 = Direct to j^roi'iml 

2 = Return to v;round 

3 = Invertor or AC 

4 - P/L 

sn, AC PHASE DESCRIPTION 

A or B or C = 1 phase 
For ?0 or 30 loads er.ter phase. letters 
consecutively . (NOTE: This is difler^Mit 

than Rocl::weli vidiich requires entr>^ o: 2 or 3 
BUS IDS). 


For instance^ BUS ID D1F2 represents the following information: The 

item is a IX^ load, on ir*ain (IX-) BUS A, in particular on forward local 

Ok*.) bus, with a single point (return wire) ground. Similarly, A2F3B ir.dicate*^ 
a load cIcMiJont the CSE from bypass control requiring a power, on main BUS B, 
iiirwarti local bus, inverter output. 

Hie EPDC or load element nomenclature convention used in the listing 
of Table 7.2-1 reading from left-to- tight is: 

XX XX XX X X 

I ' I 

. jUsed for header 

Mode, i.e., standby = 0, operate = 1 (CEC) 
Particular unit No., i.c., ^^1,2,3... 

Ceneric unit ID, i.c., master timing unit 
Subsystem, i.c., communications, G 6c N 

'I’ahle 7.2-2 is a reproduction of a SEPAP topology definition obtained 
f n>m a I.EC ineniorandum to JSC f • 


7.2-2 



ABLE 7.2-1 


SHUTTLE BUS IDENTIFICATION CARD L'lAGE DATA AS 



BY LEG (R 


MVRD 'CK; 


m 1 

icn i 

i CD i 
CO s 
CO 3 
CO 3 


0 0 6 1 ^ 
PO 04 J *• . 1 

■' 0 0 ** 1 y , 

^ 0 0 4 I 0 » > 
OOOuiQ.i 
0004 6.3 
Cl2fci^. 3 
012016. 3 
0 1 2 b 1 6 . 3 

? il 

00 ' 1 
0011 

Ooailb 

OOaSlb 

ootiiU 

00tt316»2 

00«316t2 

OoHlill 

OCUilb.T 

iraiWA 

ooii 

oiialu.3 

ooaiU. 3 

OOMiU.5 

OOtti 

nti 

0045 
00 4 3 
0 0 i 3 
004 3 
0043 
0043 

iim 

0050 1 7 
005017 
005017 
005017 
005017 

0050 

000517 


A6501 UOiOO 
*6501140200 


w * » r V 

oiieoto 

0116020 



e u s I 'j c 1 ) 


OiTE llClTu 


TABLE 7.2-1 (Continued' 


5h, 

029 



59 , 

OR 



60, 




M . 

^29 

h 1 3 


62. 

C29 



hi 9 

029 



f 

r 



6S, 

C> 



66 , 

029 

039 


67, 

FI 30 



60, 

42 30 



69. 

3 5 3t 



70. 

A 







72. 

019 

029 

•^39 

73. 

ni9 

029 

039 

79. 

019 

029 

95» 

75. 

nlp 

029 

039 

76. 

P19 

D29 

030 

77, 

019 

029 

039 

78, 

r> 



79, 

0 



80, 

r»i9 

029 

1539 

81. 

D19 

029 

059 

82, 

019 

029 

039 

83, 

r»l9 

029 

059 

89. 

029 



85. 

059 



86 ■ 

029 



U: 

039 

DIR 



89. 

029 



90. 

OlR 



91. 

029 



9|* 

DIB 

039 


93 . 

029 



99, 

059 



95. 

029 



96. 

hJR 



97. 




98, 

019 



99, 

010 



IOC, 

019 



101. 

OlR 



102. 

DIB 



103, 

029 



109, 

059 



105. 

059 



106. 

019 



107, 

At 3A 

41 39 

41 3C 

108. 

019 



109, 

A 3A 

A 39 

4 3C 

no. 

H39 



Ill, 

039 



l^l* 

45 



113. 

A3 



119. 

039 




S » 

II 

^ Q 

II 

^ 2 

sS 

t9 


MC aO^" 
MCa7«- 
PC«7t» 

MCaya* 

mC«7«* 

Mca?a- 

MC«7b» 

Mca6«- 

MC409- 

MCasa- 


00 35 1 7 
0 I 0 6 1 c 
010M8 
OICM 7 
n 1 0 e I / 

C 1 Oe 1 ; 

0 1 06 
n ! Oh 
OlOel 7 

3 0 l « } 7 . I 
ft 0 1 <i i / . 1 
ftClat 7. I 
0 1 id 


MCUO^-OO 17 1 / , I 
Mcaoo-00171/, I 
^cao^»oei7i7, 1 
Mr«09-00l212»i 

HC«09.001717. I 
MC«09.fl5l717. 1 
Mca09-00151 7 . 1 


MCa09f001517. 1 
5F£»T«0 
6FE*t<3r> 
eFE-T 0 O 
CFE-TBP 
HCtt76*0 
MCa78«0 
MC«7b»0 
MCa76»6^ i 
ARCi50*&0ll7,l 
A9C150-601 17, I 
A«C150-«01 17,1 
Af»CiS0-6Cll7,l 
TBfO 

MCa78»0l0fcl7 
MCa78»01ft6l7 
MC«76«0151 17 
MC«7b*0151 17 



MC409- 
MC409- 
MC409- 
Mcao9- 
MCu59- 
MCU09* 
MCa7«* 
Mcu7«» 
Mca09- 
MC409* 
mcu09« 
Mr ao9» 
MCac9» 
MC4C9* 

Mcac 9* 

MCUC9» 

MC409* 


§?§§ 

0005 

0005 

0003 

0005 

n\t 

0025 

0025 

0025 

P0?5 

0025 

0025 

0025 

0025 

0025 


• « 3 2 1 .■ * 2 0 7 
Hi ^211*100 
ha ;2liCiC3 
B2l ft212*"C 
02 aft2 1 3 : 1 0 : 
D?3ft«J1 ift20: 
021-7^00 
02150000 
&> I ft2 1 hO OC ' 
F 1 a ft 2 I 7 0 1 0 0 
F 1 a021 70200 
U02 1 70300 
02180003 
02190001 
t- I 702200 lft^ 
F 17022001 10 
F 1 702200200 
F I 70220021 0 
f 1702200500 
F 1702200310 
Gl9ft2210l0ft 
61902210200 
F17022b0l00 
F 1 702260200 
F 1 702280300 
02260400 
U2002500100 
02002500200 
C1702310100 
D170251 0200 
if 02330100 
t7 02330200 
E7 023a0l00 
£7 023a0200 

02550000 

02302590100 
C230239020C' 
►5 0240010C 
F3 02400200 
02910001 
02420100 
02920200 
02920300 
02920900 
02970100 
02970200 
0296O00O 
029900 CO 
ft2500000 
0 2501 COO 
02510000 
02511000 
02520 IOC 

02520200 

02521100 

02521200 

02530100 




V 8 I 0 ( J ) 


OATfe 


U,y jki 

icasu 

(Ca|a 

«Ca5« 


flOPb 

C025 

r 

0 ? 1 3 I O » S 

025518,3 

0255 

5210 J 6.3 

321816.5 

o||ai6.5 

(52*« ! 6 . i 

002«T 

00267 

DZU 

ooHt 

005aie.2 

0Q06U.I 

000616*5 

oooSr*^ 

00087 

00087 

Q0Q87 


0008' 

i!il 


0072 

nn 

0072 

0070 

0068 

0068 

0068 

0066 

0066 

0068 

0068 

0077 

0068 

0066 

0066 

0068 

0068 


OiOCOOCl 

CTaOJOlOlOO 
C7u!5S01 020i 


03010500 

O7a030i0l00 

H 7 4* 0 i 0 3 0 2 0 0 
67a050<i010C 
H7u030<*0200 
H120J060100 
H1 203050200' 
03060000 
03120000 
t8 03130000 
C1305160000 
61701150000 
FS <531 70100 
F5 031 702"o 
C2201180100 
C2201160200 
H7U03190100 
h7«03J90?00 
H2903190300 
H7a(53i90«00 
Q7 03^0100 


G7 01210200 
67 03210100 
67 03210400 
03220100 
03220200 
03220300 
03250000 
03300001 
03510100 
03310200 

01350200 

03350300 

03350400 

035S0S00 

03360000 

03360000 

03390000 


03410000 

03420100 

03420200 

03420300 

03420400 

03420500 



TABLE 7,2-i iContinued) 


172. 

039 




173. 

r)JS 




174. 


!51B 

0J9 


175, 

•'30 

ni9 

C3R 


IT«. 





177. 

030 




175, 

019 




179. 





lie. 

*!19 




181. 

n 




182. 

n 




1«3. 

(5 




184. 





18S. 

OIF 

02F 

03F 

RP 

184. 

4ir 

02F 

03F 

PO 

187. 

»^IL 




188. 

OIL 

02L 



189. 

02L 

OJt 



190. 

hi* 

P3l 

ni* 

OIL 

424 


UP 

192. 

oii 

024 


RP 

193, 

033 

02A 


ffP 

194, 

OIR 




195. 

o|e 

OJE 



194, 

oir 

OJE 



197, 

014 

OJL 



198. 

01 A 

02A 


RP 

199, 

03A 

02A 


RP 

200. 

D2F 

OIF 



201. 

02F 

OJF 



202. 

01 

02 

P>3 


203. 





204. 

039 




205. 

039 




204. 

039 




207. 

PJ9 




206. 

039 




209. 

059 




210. 

039 





03A 

039 




213. 

P3A 




|l^* 

OJA 




215. 

PJ9 




216. 

039 





DIA 




218. 

OJA 




219. 

0J9 




220. 

034 




221. 

034 




222. 

039 




223. 





224. 

ojr 



RC 

22S. 

02F 




22 •- 

OJF 




2' 

OIF 

r>2F 


RP 

2^0. 

0?F 

03 F 


RP 


B U S 1 C V 1 } 


DATE 11017« 


■^Cdia-o: fc<5 

►*CiU3<i»0CftO 

M c a J a • ^ , 

MCaia*006b 

wCa0<»*00i«: 

»^C«3a-r.o«)e 

»^C«3a«CiO'i» 


03«^e6^l0 

3<*3C0CC 

flJtiBClOO 

P3ubO200 

(^iaflcocc 

'Isor'ooc 

Gib J COOC 
535)20001 



b r. G V : 
fc C C 0 c 


G35bOO 1 0 


n <4 0 0 1*. 0 ' ■ 1 


MCa7b-G 1 iO\h.\ 
‘<C *<7f-0 1 3C 
ICD 3•0C^ilo.l 
HCa76-0l3i i&.l 
HCa7B-0lSilfc.l 
MC476-nl3lit5. 1 
MCUTB-OlSlU.l 
mEuTBpOISI 16. 1 
MC47B»0l3nB.l 


0 S»002n«*l |«I 04070500 
409»OOSIU,I B« 04090000 


0 « 0 3 * t 0 C 
fH ''u0.,'*0OC 
CUOaObOlOO 
CJ20U050200 
Cl2Ca050i0C 
ClbOaOeOlOO 
Clb040fr02CO 
ClbOaOfOlOC 
14 04070500 


HC409 


9-OOSl 14. 1 
6*01361 7 
4" 0 i 3 I 


HC474-0I3I 


O 4 O 900 I 0 
04110000 
04120100 
04120200 
04130000 
OalUOOOQ 
04lb0000 
05000001 


HC474-0130 


3E2?l:Sili 

MC474-0 1 31 
MC474-0131 
MC474*0{ 31 
HC409«001014 
MC409*0Q1 0 
MC4O9«O0iO 
ICO 3-002118 
MC474-0132 
MC474-01 12 
MC474-0132 
HC474-01 34 
MC474-0134 
MCU74-0 I 34 
TBD 

MC495-00129.0 
MC49b-O0l<:9,O 
MC49b-0C129,0 
MC450-00408 ,9 
MC450-00408.9 


05030100 
05030200 
G4 ObOuOOOO 
0505010O 
0S050200 
05050300 
OSObOaOO 

05040000 
08 05070000 
05080100 
05060200 
G1205090000 
05120000 
05130100 
05130200 

05150000 
OSlhOlOj 
05140200 
05 I 8 OOOO 
04000001 
C5 54010100 
C5 64010200 
C5 OfeOniOG 
E8 04020100 





0 ( 1 ) 


OATP 11017a 


i ' 1 ;; 

I 6 V i o 

Kt I 

)mxtx < 

\m% I \ A 

)mi X 

• X ^ w 
«» X X X X 

ihsn 

IhVi^ 
76S?C/'?.? 
7652^'’. 2 
7652^*9,2 
7h420P,0 

764229.0 

764239.0 

763369.1 

UillS:l 


MC61S»00Q1 

MC6 5-OOM 

MC6l5»000 1 

HC6l5*OOOj 

HC615*000l 

M?6 ,6-OOOu 

MC61S-0004 

MC615-0004 

MC615-0004 

MCfclf-«004 

HC61S-0004 

MC6J5-0004 

MC615-0004 

MC615-0004 

HC6. 1-0004 

HC61$-000bl6.i 

MC6l?-000S>lfr.3 

WC61S-000S16.3 

HC6 S*000S!6«3 

MC61S-0004 

MC6i3-oooa 

HC61f-0004 

MC615-0004 

HC615-0004 

MC615-0004 

WC615-0004 

HC615-0004 


i’ »« 0 i 0 1 0 * 
Od 030200 
* 8 0 a C I 0 ? 

0 6 ^ ^ 2 0 • 
OoOaOiOO 
06*>SOIOO 
'■> o 0 6 0 2 0 C 
06050300 
0 0 0 b 0 I 0 0 
060602CO 
06060300 
Ci% 060 70 1 0 0 
GS 06070200 
G5 0607030O 
N6 060^-0 10 0 
H 06060200 
H6 0&060300 
66 06100100 
66 06100200 
66 06100300 
06110001 
06120100 
06120200 
06120300 
CS 0616O000 
06160000 
06190100 
06190200 
06190300 
07000001 

O7010300 
ft 701 0400 
07010500 
07030100 
07030200 
r . 030500 
O7030400 
070tt0100 
07040200 
n 70a 0300 
07040400 
07050000 
07060000 
G7407090100 
67907090110 
G7907090200 
67907090210 
07100100 
0710020C 
07100300 

onoottoo 

07110100 

07110200 

07110300 

07120000 




I D ( I ) 


0 * T I n c 1 7 «i 


‘‘CttO‘)-CCOV 

mc« 09 *^ : ' ^ 
MCaCQ^COP^* 
“Ca 09«001 ^ 
►'CaO<»»f C 1 ‘i* 
i<'''uO‘>-CC' ! ^ 
«Ca 09 * 0 C 1 V 


MC<s 

MCfe 


1 S- 0004 . 

15 - 000 <* 


MCttSO«i 0021 


IC015M150012 

ICni3Hl5001(» 


HC 28 a* 0 M 0 a 

HC? 8 «-Oaf'‘i 

HC 28 «» 0 a 0 « 

HC 28 «* 0 u 0 a 

MC?M«» 040 a 

MC 28 ao 0 a 0 b 



20070100 

?0070200 

20080)00 

P0080200 




IKl’u 




TABLE 7.2-1 (Continued.) 


aco. 

r)i 4 




aoi. 

02* 



P 

402. 

01 * 



P 

ao3« 

02* 



P 

aoM. 

01* 




4-55. 

02* 




40$t 

03* 



WP 

ii07. 

03* 



«p 

aoe. 

PI* 




409. 

PI * 



p 

410, 

02* 



F 

all. 

03* 



F 

412. 

Dl* 



»P 

413. 

414, 

P2* 



RP 

415, 

02* 




4 1 4 * 

02* 



PP 

«»!• 

02* 



418. 

02* 




419. 

0 




420. 

r 




421. 

P 




42|. 

0 




423, 

p 




424. 

0 




425. 

426. 

D 




mi: 

01* 

02* 

03* 


5i* 

02* 

03* 


429, 

DIP 

02F 

03F 


4S0. 

02* 

01* 

03* 


431. 

OIF 

02F 

03P 


432, 

PIF 

D2F 

D3F 


433. 

01 * 

02* 

03* 

F 

434. 

PI* 

02* 

03* 

F 

435. 

03F 



f 

436, 

03* 



F 

437, 

Dl * 




438, 

DIF 




459, 

01* 

02* 


RP 

440, 

Dl* 

02* 


441, 

D2* 

03* 


3P 

442. 

OIF 

D2P 

03P 


443. 

Dl * 

02* 

Pi* 


444. 

DIL 

02L 

031 


445. 

446, 

Sit 

”§!>. 

D3L 

D5F 


447. 

DIB 

029 



446. 

449, 

014 

029 



450, 

DiH 




451, 

D2M 




452. 

DIM 




453. 

02M 

D3P 



454, 

DIF 



455. 

DIF 

03F 



454, 

DIP 





i? Ij S 


0 ( 1 ) 


2 4TF U017« 
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TABLE 7.2-1 (Continued;* 


B u S I c 



b?9 






U?6* 







ttS9. 

A1 3A 

41 38 

41 

iC 



it60* 

42 34 

42 38 

42 

5C 



U61. 

43 54 

43 38 

S3 

3C 



ut>i. 







abS. 

^2'* 




F 


UbU. 

n JM 




r 


<tbb. 

I71M 




!•- 

r 


«66. 

ngM 




F 


4b7. 

hi'i 




F 


468. 

niG 






itb9. 

r>2C 






UTO. 

rse 






"Zl« 

r»iM 






072. 

D2M 






073. 







070. 

DIM 






07S. 

D2M 






076. 

077. 

078. 

D3M 

4 





ss 

079. 

4 






090. 

4 






081. 

062. 

4 

DIR 

D2R 

03R 




083. 

DIR 





080. 

08S. 

02R 

D3R 






086. 

D3R 






087. 

DIR 

D2P 




O 

088. 

DtR 

D2P 




089. 

OIR 

02R 





090. 

Dt» 

D2R 





091. 

092. 

DIB 

mg 

02R 

D2R 




093. 

DIP 

D2R 




090* 

DIO 

DJP 





09S. 

DIM 

D2M 





09b. 

DIM 

D2M 





097. 

DIM 

D2M 





098. 

DIM 

D2M 





099. 

DIM 




F 


500. 

D2M 




F 


501. 

D3M 




F 


502. 

DIM 

OJM 





503. 

DIM 

OSM 





500. 

OIM 




f 


505. 

D2M 




r 


see. 

DJM 




F 


507. 

508. 

DIM 




F 

RC 


509, 

D?M 





510. 

^3M 




RC 


511. 

D3M 




ss 


512. 

D2M 




RP 


51 5. 

D3M 




PP 



-ATE I 10 1 T a 




TABLE 7.2-1 (Continued) 


514. 

515. 

01** 




516. 


023 

034 

PP 

517, 

r>i t 

023 

0 ^ A 

RP 

516. 

61 * 

023 

oj* 

9P 

519. 

n i A 

024 

0J3 

RP 

520. 

6l A 

024 

0J4 

RP 

521* 

013 

023 

OJA 

RP 

522. 

013 

023 

OJA 


523. 

013 

023 

OJA 

RP 

524. 

r>i3 

023 

033 

RP 

525, 

013 

023 

033 

P 

526. 

013 

023 

034 

F 

527. 

013 

023 

OJA 

F 

528, 

013 

023 

053 

F 

529. 

D13 

023 

0J3 

F 

550, 

D13 

023 

033 

F 

lU: 

013 

013 

023 

023 

OJA 

033 

P 

F 

533. 

013 

023 

033 

r 

554. 

013 

023 

033 

F 

535. 

013 

023 

033 

F 

536. 

013 

023 

OJA 

F 

537. 

013 

023 

033 

F 

538. 

013 

023 

OJA 

F 

539. 

013 

023 

033 

F 

540. 

6 




Ill: 

0 

0 




543. 


31 3C 




31 3B 

31 33 


505. 

3 33 

3 36 

3 3C 


506. 

3 33 

3 3B 

3 jr 


547, 

31 33 

31 3« 

31 iC 


546. 

3 33 

3 39 

3 JC 


509, 

31 33 

41 39 

3 1 3C 


550. 

013 




551. 

013 




552. 

01 3 




555, 

OIL 




554, 

02L 




555. 

3 33 

4 39 

3 3C 


556. 

3 33 

3 3" 

3 3C 


557, 

3 33 

3 39 

A 3C 


ssa. 

3 33 

3 59 

A 3C 


559, 

3 33 

3 39 

3 3C 


560. 

3 33 

* 5S 



561. 

31 33 

31 39 


562. 

3 33 

3 39 

3 3C 


563. 

4 33 

3 JR 

3 JC 


564. 

OIF 



PP 

565. 

OIF 



RP 

566. 

OJF 



RP 

567. 

3 




566. 

31 33 

*1 39 

31 JC 


569, 

A 30 

A 33 

3 JC 


570, 

A 33 

3 39 

3 JC 



B u S i C ( 1 ) 




''C26a 
C ? B a 

►«C20l 
‘^C20i 
MC?01 
Mc Sfei 
MC363 
HC361 

5EUI 

B C 3 6 3 
TBD 
TBD 
T80 

5f?ti 

MC363 

MC201 

HC201 

MC201 

MC201 

MC201 

HC201 

TBD 

T80 

TBD 

HC621 

MC621 

MCB21 

WC621 

MC62 

HC62. 

MC2S0 

HC2S0 

BC2bO 

TBO 

TBD 

MC621 

ill!{ 

MC621 

MC621 

WC621 

^Cfe2l 

iitl\ 

MC621 

HC621 

MC621 

HC6^i 

MC621 

HC62i 


.OS'?! 

> n 3 V i 

-COC 1 

o 0 : 1 

- 0 0 Cl 
>ijf)2b 

■C025 
>0024 
•0026 
>0026 
• 0026 


•0027 
■0027 
■0027 
■ 0001 
■ 0001 
■ ftOOl 

■nooUbtl 

■oooilb.i 

■000115,1 


000b 

0006 

oooa 

0008 

006 


0002 

0002 

0002 


0006 
0008 
0009 
00 0 " 
0008 
0006 
0006 
0006 
0008 
0006 
0006 
0006 
0008 
0008 
0006 
0006 


OiTF 11017*. 

31160300 

3|000001 

320201CO 

3202C20C 

320203C0 

32030100 

3203020C 

32730300 

5Io5010C 

32050200 

32050300 


320701 C 
12070200 
32070300 
52060100 
32060200 
1206030C 
32090100 
32090200 
32090300 
32100100 
32100200 
32100300 
C12S2U0100 
C1232110200 
C1232U0300 

IIIISISS 

32120300 

uoocoooi 

40010100 

40010200 

40010300 

40020100 

40020200 

40020300 

40030000 

40030010 

40030020 

40040100 

40040200 

40050100 

40050200 

40050300 

40050«00 

40050500 

40050600 

40060100 

40060200 

400o0300 

40070100 

40070200 

40070300 

40080000 

40090100 

40090200 

40O9O300 
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628 • 

D24 


629. 

flS4 


630. 

014 


631. 

632. 

0124 

'534 


633. 

4 


654. 

4 


635. 

4 


636. 

r»i4 


637. 

^>24 


638. 

054 


639. 

1*1 A 


640. 

P*1 ft 


641. 

O' 1 4 


642. 

643. 

'll 4 


644. 

41 


64S. 

42 


646. 

43 


647« 

r*i A 


646. 

D2A 


649. 

f>3* 


650. 

43 


ill: 

«5 

43 


653. 

41 


654. 

42 


655. 

43 

•4^ 

6S6 • 

r*i4 

• 

657, 

'>24 

ts> 

656. 

H34 

1— • 

659. 

4 


660 a 

A 


661. 

A 


662. 

niP 


663. 

Dir, 


664 . 

•51G 


66S • 

niG 


666 * 
667. 

r*ir 


668. 

•'IG 


669 • 

r>lC 


670. 

DIG 


671. 

DIG 


672. 

DIG 


67 5. 

D 


674, 

D 


675. 

n 


676. 

D 


677. 



678, 

n 


679, 

n 


680 a 



6«1. 

0 


682. 

n 


6«3. 

0 


6*4. 

n 


f 

F 

<?C 


F 

F 

034 

02ft f^3ft 
024 034 

024 034 

F 

F 

F 


F 

F 

F 

F 

F 

F 

RP 

RP 

RP 


a U I Cl f 1 ) 


•JC 1 

■icisi 

«Cfe21 

^■Cb2l 

MC202 

MC282 

MC?«2 

‘'Cfc2! 

PC621 



^C<>21 


MC621 

MC621 

u'Sii 

•^Cb21 

MC821 

HC621 

HC621 

MC621 

HC62t 

shil 

MC621 
MC621 
HC621 
MC6' 
MC6 
MC621 
MC62' 
MC62 
MC621 
MCfe21 


HC262 

^-C2a2 

HC?82 


n c i 

002^ 
ooie 
0016 
OOle 
0 06^ 
cnb2 

■' C tc 
0 C - O 

OOy o 
OOae 

oow 

POia 

00l« 

0014 

0022 

0022 

0022 

0022 

0022 

0022 

0022 

0022 

0022 

0022 

0022 

0022 

0022 

0022 

0022 


002 < 
0022 

00S3 

01§ 


001 ! 

0082 

0082 

0C82 


tftfE 110174 

«;oofcC2'io 
500R0300 
50170100 
50070200 
0 0 7 7 3 “ 0 
5 0 C 4 C 1 0 7 
50"802JC 
500HO SOO 
5109010: 
SOOR020: 

5 0 0 9 0 i 1 

ROlOOlOO 

501 C0200 

50100300 

90100400 

5 0 1 0 0 V 0 1 

501 lOlOO 

50110200 

50110300 

50120100 

50120200 

90120300 

50130100 

50130200 

50130500 

50140100 

5014020C 

50140300 

50190100 

5015C20C 

50150300 

SOUOiOO 

50160200 

9016030(,’ 

50 1 /OOOO 

suieoloo 

50180200 

501R00O0 

501ROR01 

50200100 

50200200 

S0200300 

5g220100 

50220200 

90220300 

50240100 

50240200 

50240300 

5025010C 

502502O0 

5025030'- 

502504-10 

50250500 

50250600 

50260100 

50260200 

5:2‘'ii70 
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B J S I D ( 1 ) 


;MF 


■i I— 


V l\ 


4»9S. 
6 • 
697. 
686, 
699. 
6 <» 0 . 

<»2f • 
693 • 

69t). 

695. 

696. 

697. 
696, 

699, 

700, 

?§ : 

703, 

!®S« 

? 8 |: 

mi 

709, 

7t0, 

lU: 

i • 

si 

^ • 

mi 

?!?: 

mi 

7?a, 





«C 


01* 


Rlt 02P 

P19 


«P 


“C62 1 
■^C|»7 

M c 2 H ■’ 

C ? 9 7 
''Lb^ 1 
MC621 
MC621 
MC621 
MC2S7 
f^C2«7 
MC287 
^C297 
MC2ft7 
HC287 
TRO 
►*C207 
MC297 

MC287 

MC287 


m 


n-.'-'d 
o: , ’ 
oo<^ ' 

0 C . r 

oc 

OOSt 
rt C - 
*> C S - 
no3 ' 
0 0 n c 
0037 
0039 
002 » 
002t> 

0020 

OOPl 



6019 

00?i 

0022 

0022 

0006 

COOB 

0206 

0206 

6056 

005b 

0206 

0007 

0006 

0009 

0010 


5 I C 0 C 0 0 1 

s 1 : 1 0 0 0 0 

SlOcOOCC 
5lOiOOOC 
51C50C0C 
5 1 0 6 C I 0 c 
51060200 
5 I ^ 7 * 1 0 C 
5 1 C 7 0 2 0 0 
5 1 1' 6 n 0 0 C 
^ I 0 9 0 <'; ■* 0 

» t J ccoco 

«' 1 U 0 0 0 0 
51120100 
51120200 
5 1 1 a 0 0 0 0 
SllbOCOft 
511600CO 
51170000 
51190000 
'2000061 


.2010000 

52020000 



52270000 

52300000 

52320000 

II 

52350000 



,2-1 'ContiiiMeJ > 


«'jT0 4%r> 


Tm 
T '’ I 

tMI.; 

IHIJ 

THU 

THU 

ST«>) 


■I 

■t 

• i 

• i 
ti 


10* |97tt »*HT 
♦ N 4 I f. 4 T I 0 '• 
QOFSiTr 


3T4'^05Y 

OPf 


ShU') 

$HLl) 

:i 

«s 

sa 


?!?! 

oi?l 

?ISI 


a? 

S3 


^2) 

otfll 

''iri 

o{fll 

oifli 

«|0J 

eii^i 


gpf94te 
ST4N5«Y 
OPp^sTF 
S Y 4 *j D ^ y 
■<fR ♦ V.Y 
3T4« T»KE» ♦ lY 
ST4R TBKER ♦ \.r 
419 04TA X0C9 ASSY 

aIr data kdcr assy 

A!« data XOCff ASSY 
AJR data OCR ASSY 
RLT5HT CONTROLS 
ASCENT TVC ORvR «1 
ASCENT TVC ORVR m2 
ASCENT TVC ORvR r3 
AERO SRE SRV AMP «1*aET 
AERO SRF SRV AMP sa-AFT 
AERO SRF SRv AMP aSHAFT 010 
AERQ SRF SRV AMP PReAFT 0101 
reaction JFT DRVR »1 FMOoiOl 
REACTION JET ORVR *5 FhOCIOI 
REACT TET OMS D«V«« 1 • AFT o 1 0 1 
REACT JET UMS ORVH«2*AFTO I 01 

Rate gyro assyhaft ri oiol 

RATE SVRO ASSY*ART ag ClOl 
RATE GYRO ASSY-AFT • 


AFTOlOl 

AFTOlOl 


af roioi 
oioi 


oio: 


ACCElEROMpTfep A$8y«fWO*l 

accelerometer AS8Y-F*iO*; 
ACCE'.EROMETER a 88Y*FW0«! 
“■ ‘ ' CONTROL «l 

CONTROL 


TRANS hand 
TRANS hand 
ROT MANO CONTROL 
ROT HAND CONTROC - 
ROT MANO CONTROL »5 
RJOOER REOAL APCR A$V 
RUDOfR pedal aDCR A8Y •; 
SPEED BRK TmPuST CNTL 
SPEED 9R< TmRoST CNTL 
communications 
B ♦ M tv monitor si 

B ♦ Tv monitor ■? 

TV REMOTE CONTROL 
TV camera color ♦ MON 
TV camera B4W *IY2 
Tv camera §+w s5*a 

PAN TILT ELECT si 
PAN tilt tCEfT s? 

PAN TTLT MOUNT «1 
PAN TILT MOUNT *2 
VIDEO SmITCmING NET-^ORS 
nCTmORK SIG PHOCESSOP •] 
network 816 PROCESSOR 
CNTRL CNTL UNIT audio 


0202 

0101 


L 0 A P S 


lgO.no 

5S . 0 0 
160,00 

55.00 

1 eO , on 

bs.no 

20.00 
20,00 
20,00 
R5,00 

pf.ec 

4a« 00 

as, 00 

Ra.fo 
9a, So 

,S : ? 
1§ : ? 


C*YE UOlYy 


IPP 

1 | 

s!oo 

sjoo 

|«,00 

2r|00 

3«,00 


*c 

-r 

-■c 

-c 

OT 

"T 
DT 
4 1 

A1 

42 

A2 

Ftt 

F5 

Fu 

F5 

F6 

F6 

wT 

Fa 

F6 

F4 

;i 

a 

A3 

AC 

AC 

AC 

:i 

4C 

4f, 

AC 

AC 

OT 

OT 

AC 

:i 

- 1 


OlOOOOOl 

OlOlOinjftiOO 
01010 lOlOJlO 
010301030100 
0 1 0 i 0 : * ^ r 0 , 


01030 
01 oao 
OlCaO 


0 I 0 ta 0 1 c 4 c u 



1 c r 0 0 0 1 
■ OeO 1 00 
08C20C 

nsoloc 

090 100 

090200 

090300 

090aOC 


01170 
‘ ■ 7fl 


_ .80 
01190 
01190 


OiOio; 
0 a 0 1 0 n 

na0200 

0 u n i 0 u 


uins 

1U0200 

.U0300 

1160100 

160200 

ITOIOO 

1702O0 

ITOIOO 


401 UOlOO 


.180200 
1190 100 
190200 


02000001 
020102010100 
020102010200 
020202020000 


02030|0i0000 
020a020a0i 00 
020an|0a0200 

020S020S0100 

020 Sn 20 S 02 nr, 

020602060100 

02060206020^ 

020702070000 

020702060100 

020702060200 

021C02100100 
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7a. 

25. 

76. 

77. 

78. 

79. 

!f: 

SI; 

86, 

85. 

6 • 

Hi 

90. 

91, 

iS: 

9tt. 

95, 

96, 

il: 

i”: 

\n: 

105, 

197, 

108. 

l09. 

no, 

111 . 

n|. 


CnTRi, CKT|. gviT luPir 
|•5A^0 fM K-ITS ai 

8*gA^*0 TBanSP0»»)5E8 ■! 

*ssv 

*SSy 

TaCAN a? 

7ArA^ aj 

fC2*2|M 


5;82no’IwiTCh fCOAXlAH r 

2!!fs ” 


•20101 

OIM 

Olftl 
0191 
OIOS 
on 1 

om 

0101 

0101 

, 2P‘ 

I.OIOI 


iSSV*al ^ 

9F assy mi X 2 

OCOB ASSY a^ S ? 

98 ASSY ai ojgf 

Jlt 3 |?|S II g s 

nil »1 0 0 

\\Z *1 0101 

I A8, 83 0101 

fAF] 86 010 

lAP^NASAJ al 0 M 
tAFtNASAl 82 olo 

pESSiii^ Hi 

SfS 


Mf^fi 5 ^'aSSY'82' 
m22^2 ocob assy 82 
ulSl'a 2£«*5SV 83 

MSBLS nCTiR ASSV *3 
BAOAB ALTTMFTEB 81 
BAOAB alt MFTFB al 
COMSFC Omit UFI al 
COMSfc U^: T IaF 82 
COMSEC UN t aF 83 
COMSEC UN 't ur 86 

P/F twtIbS* ^*^^'^***1 Bl 
P^Si n*I^25; *2 

S^y^OAD 816 PBOCF5SOB 81 

UHr'-orDp**? PM0CESS09 *J 
w? S9uS 'I NA|N/6 Ua90 

Wf ?51SsSfT?t‘rif“‘"° 

UHJ tb»*.smUt|p li 

ggmejilJgKTSS^S? 

H i M 

fVA SIG ^POCfSSOP «> 

1H5I2 115?! ufi}r - ?$? 


fN/6< 
IN/GI 

9 81 


AUfjjO TEBm 

|p115|« h{!s III? :fi??'J|S} 

5 :s;i 2 If!. »«i!i!!*?pir SISI 


JNOZ 9A0AR 
BAOAB 
bndz BADAB 
BNOZ RAOAP 
•<'J-9ANO EL 
‘'U-0ANO El 
KU'MANO Fi 
6U*WANr> Fl 
•^ u-8A»jr) CO 


R 'T • B8S 

r - b|a 

*tl? : I 

??p/r'^ 

LEC ASSY 

Lee ASSY 

LEC ASSY 
»LY ASSY 
S8Y . nc 
SSY • DC 
S8V • AC 
S8V • Ag 
OPY assy 


0101 
0101 
0101 
0 01 
0101 
0101 
0101 
0101 
^0101 

0202 

SIS! 


" I p^ r * 

ELEC 

fLEC 

fLEC 

DPLY 

ASSY 

ASSY 

ASSY 

ASSY 

MM OPY 


0101 
010 } 


:J?§!Si 


DATE M r 1 7<i 




ll:?§ 

22.00 

78.00 

22.00 

Zfi.PO 


35. 00 

lf-g° 

U*2® 

il:SS 

«;S8 

?S»2o 

5. 00 

,5*2® 

2 * 2 ® 

10.00 

5*2® 

2.00 


cv 

^V*9^ 

CCTSO 


CO 

?§ 

CVTHD 

CVTBO 


20. 00 

85.00 


CO 

CO 

CO 

CO 

CO 

CD 

CO 

coTtin 

CO 

CO 

f°n 

CO 


0^ j‘ :rci002Cc* 

on 10211 on: 
jlpiiooot 

s F n C 2 ! 3 0 1 c c 
>'« ■ A'*r ' i02''o 
0 2 W 0 C 0 0 
, '21bOC''C 

^ s '. k. .* e j e V r ' 

0 r- 1 s 0 ? ‘ - 0 n 0 

2n.S02l 

'“■nso^noico 
''-1802^0000 
« . 0 c ' 9 0 0 0 1 

0220r?2/’fiC; 
Or 3 Of ' ' 0 1 ; 0 
02?C0*.'„:2r,c 

022 oo 2 r;.: jr ' 
0||0022C Ji c 

0|210221 ' n 0 

022l02|nr'0 

f SSIISSio^S 

022802260300 

02Z8(lii60uOO 

1 §?| ?SJ§§ 

021 b023l 0100 

II ISliiSfSS 

020902330200 
0^0902360100 
Ot ^902360200 
0235O235000C 
02i90239oin0 
023902390200 
02600260C100 
*'26002600200 
02610001 
02620106 
02«2020C 
92620)00 
02620400 
02670100 
02670200 
02680000 
02690000 
02500000 
0250 1000 
92510000 
looo 
025(^0100 

pllli 

O2530100 
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NJ 

1 


00 


ll5t 
i 1 ^ • 
M7, 

MS* 

iso! 

123* 

12tta 

25. 
.!?: 
‘IS; 

30. 

31. 

is* 

111 

SA. 

39, 

ttO, 

i<ia. 
las. 
-<»6, 
1«7. 
lae. 

•S5: 

SI: 

.53, 

15«. 

55. 

iljl 

'SS: 
60, 
161. 
6 |. 
63 . 

6 U * 

65, 

66 , 
67 . 
66 . 
69, 
7fl, 
71. 


lU , 

»3, 


»U*B6N0 CO'*^’ ASSv 32f'lCl 

kflJ-64^0 CO“M OPY ASSV slPpl 

iyU»9»^i 6 D*Y ASSV agOlOl 

‘ --- gjQj 


SIC P»CCE$SO« 

displays ♦ controls 
attitude OlR IN0-P*'0 «l 
ATTITUDE OIR iNO-^iO 32 


I NO«H*iO 

attitude OIR lND*AfT 

MOPZ SIT I^0«1 

-or! sit ■ 

AS/RAC*' 

AS/RiCH 

ALT ve» VEL IND •! 


*3 


alt 


rpoJ 


1ND*2 

issi:: I Si 

Vfp Jit IK ? •> 


n 

0 

- V£L INO 12 0 

Tape meters (Myo-APo-MPsi 0 
1SS POINTER TND 

ifir ‘ * 


n 1 0 
010 
010 
(' 1 0 
f'lOi 


Sure POSITION TNO 

OTV INO OmS^ 

CAUT ♦ mA~ 

MISSION T 
;{|S|0N.T 


- -/PCS 
wARNiNC UNIT 
MER 


0101 
J 


ft 
01 

f) 

ftio 


010 

0 

0 

1 

5 

,0 
010 


ISlON timer 

EYENT TIMER at 

TIMER b2 

jSPLAY UNIT «l 
CRT DISPLAY MMT *2 
CRT DISPLAY UNIT »3 
CRT DISPLAY UNIT mU 

ItlS? W :i 

DISPLAY ELECT UNIT »3 
DISPLAY elect unit aa 
DISP ORVR UNIT-CRm EM0«1C 
DfSP ORVR UNlt-CPM EW0*20 
DISP DRVR UNlT-CRw AEf«30 

manip hand controller 

D ♦ C UCHTING 
integral LiGMTS*LEET/CTR0101 
Integral ligmts-ovho oioj 
Integral lismts-richt oioi 
integral CIGWTS-REAR 0101 
annunciator I TS*LtFT/CTR01ftl 

annunciator LTS*0VMD ijlftl 
annunciator LTS«RIGmT 0101 
MID DECK PlOSo LTS • 1 ftlOl 
MID DeCK flood LTS - 2/30202 
Mfo DECK FLOOD LTS • a/6ft202 
“^ID DECK FLOOD LTS • 5 OlOT 
“ID DICK FLOOD LT8«PANEL0202 
I, MR DECK SLEEP STA LTS 0«0R 
LW» OFCK aASTE MGMT I fS 0202 
1 MR DECK galley light 


0101 

Oafta 


CABIN FLOOD LIGHTS AFT 0202 
CLARESWIClP FLOLTS •LEFT0202 
GLARESMIFlD FLDLTS-RICHT0202 
CfNTFR CONSOLE FLOOOLTS 0101 
PILOT console FlDL TS-"flMTC' I 0 1 


LOADS 

Sf.OC 
235.00 
235. OC 

15.00 

H.60 

la . 60 

l«.60 

35.0 0 

^5*2^ 

40.00 
40,00 
40,00 


13 


“HS 

l:8S 


5.00 

4-1' 

RiOo 

.1:1 

ll'M 



lit.oe 

l|0,90 

120.00 

6,00 

134.00 

134.00 

134.00 
134100 

23.30 

23.30 

23«30 

I9;a6 

19.40 

19.40 

19.40 
i9;ao 
IB. 50 

Ifl.so 

15.00 

1 0 s.so 

29, HO 

29,80 

29,80 

29,80 

29,80 


late 1 n 1 7 - 


rc 

OT 

025 30200 

CD 

r* ▼ 

^25311'* 

Cl 

DT 

02531200 

CO 

-3 

^2540000 

03000C01 

C'3 

*C 

3 3 0 1 0 J C 1 0 1 0 0 

CD 

AC 

030 1 0i0l7c%-, 

CD 

a: 

03010300 

CD 

AC 


CD 

Af. 

03030303^200 

CO 

AC 

030403040100 

CD 

AC 

030401040200 

CD 

AC 

03050305CICC 

CD 

AC 

030503050<'CO 

S 

ic 

5 n ^ . '1 

rn 

AC 

0 3 1 2 0 f 0 V 

CD 

AC 

031 3^11 30000 

CO 

AC 

03140000 

CD 

AC 

031503150100 

CD 

AC 

03170317010C 

CD 

AC 

021703170200 

CD 

AC 

03 1 6031 AO 1 00 

St) 

CD 

CO 

AC 

H* 

NX 

031HO31802O0 

031903190100 

031903190200 

CO 

H% 

03190319C300 

CO 

H* 

031903190400 

CO 

MX 

03210100 

CO 

MX 

03210200 

CO 

MX 

03210300 

CD 

NX 

O321O4O0 

CD 

MX 

03220100 

Co 

MX 

0322c200 

CD 

MX 

03220300 

CD 

AC 

032bO3250C00 

CDTiO 

AC 

033}o|3lC100 

CDTBO 

AC 

033103310200 

CDTBD 

AC 

633 1 0331 0300 

CuTbD 

AC 

03310331:* 00 

CD 

AC 

03330333* 1 oc 

CD 

AC 

03330333*200 

CO 

AC 

033303330300 

CD 

AC 

033503350100 
■» i350335*-200 
Oi350||50300 
8335OJ35C400 

CD 

IS 

AC 

AC 

*C 

CD 

AC 

033503350500 

CO 

AC 

0336033h*. OOO 

Cp 

AC 

033H033**tOO 

CD 

K 

03590339' ■ 'C 

ro 

AC 

0 3 4 1 0 34 1 : . 0 


AC 

03420542: ; 00 

AC 

0i4203u< -.gOO 

CD 

AC 

Oia^Oiiie'ioo 

CD 

AC 

03420342' uOO 

CP 

AC 

03420542*500 



TABLE 7.2-1 (Continued 


1 ZI» 

ITS. 
!T 4 . 
ITS, 
I Tb , 
1 T 7 , 
ITS. 
It 9 . 
Uo. 

Isi! 

lAU. 

185. 

186. 

187. 

188 . 

189 . 

190, 

ISi: 

i?J: 

l 2 ** 

19T. 

198. 

200 , 

201 . 

m; 

ios. 

208 . 

|or. 

I®?* 

210 . 

ili 

I*!: 

Ilf: 

2 ? 0 . 


»E49 STA(P/L1 LT8 
PMr«r,ENCv lK.hT • i 
FMPRRfSCT Ll'iHT • 2 

payload bay flood LTH 

MA^IP SPOT light 

p^d2 light 

D*r • lighting COnTIN! 
rOCKlNG SPOT lights 

C*W STATUS BOAPp 

annu*>ictatop assy 


n 2 D 2 
01 01 


C^w ANNUN assy • ouifscto 
nppRATlONAL FIT TNSr 


npPRATlONAL FI 

PCH hastfk 
PCH MASTER IJN’ 
MAINT RECOPOE* 
SIG COMO vJMJT- 
8IG CONO UM|T< 
816 COMO UM|t. 
816 CONO UNIT 
8IG CONO LIMIT 
816 COMO UMIT 

«S?rS'??5?SS 

MASTER timing 
•avload data : 
sie CONO umtt. 

Sie COMO UMJT- 
816 COMO UMIT. 




OACRiJT 810101 
DACB'JJ 820101 


Sie CONO umtt-oms 

S16 COMO UMJT*OMS 
816 COMO UMlT-F/C 
816 COMO IJMJT-FHD 
current SENSOR 
DEVELOPMENT FLT I 

PCM master onTt • 
PCM master unit - 


UN| T*WMy 

um|t*opr 

INTERLCAV 

•0M8/RCS 

•0MS/RC8 

-r/C AREA 

-FHD PCS 


6 01 

0101 

mlil 

0101 

0101 

0101 

oioi 

0101 


t*opr oloi 

hi 

/PCS >20101 


PCM RECORDER 
SI6 COMO UMIT • FMO >1 0101 

816 COMO UMIT • FkD >2 f'lOl 

816 COND UMIT - FHD >3 0101 

815 COMD UMTT • FmO >a 0101 

816 COMO UNIT .MTD >1-121H2 

MlDeBANO FDM UNlf-FHD 0101 
MIDEPANO FOM UMIT-MID >10101 
WIDrpAND EDM UNIt-MJO >20101 
nIoEBAMD RECOROEP 0101 

WTOEPND SI6 CND UNIT FW05050 
HIDEBMO 5|6 CMO UNIT HI05050 
WlDtPMD SI6 CMO UNIT HI08050 
STRAIN GAGE 816 CMO FwlO Q50S 
strain gage SIG CND HID 86S6 
STRAIN gage sIg CND MjD 8686 
CURRENT SENSOR 0909 

ELECT PWP DiST ♦ CONTROL 
inverters lPM«750VAf80( 0303 
INVERTERS 1RH*750VA*80( 0303 
inverters lPH.750VA.80t 0305 
RVRO EVENT CNTLR mPhO >10!01 
PYRO EVENT CNTLR •EMD >20101 


CONO 

COND 

COND 

CONO 


INST 

• *l 
- >2 


5!lil 

§ll!l 

f'lOl 


FHD >3 

fmo >a 


MID > 
jf-FH 
IT.MI 
IT-MJ 


>a 

1-12 


ii! 


otoi 

FW05080 


F V i.' J 
•10!01 
>20101 


0 A T t U 7 1 7 4 


loads 

60 • OO 
29.80 
^ 9.80 
200.00 
100,00 

30.00 

'!2:§§ 

"I;?? 

60.00 
60.00 
RO.OO 
38;oo 

I 

\\4 

l|;h 

0.30 

if: ^ 

li» 2 ® 

il: ? 

Ihn 

lojo 

40.00 
0,60 
0.60 

s:|§ 

W 

0,50 

0.00 

0,00 

25.00 
25 00 


CO 

AC 

0 4 : * 3 4 «r *> h ^ 

s 

AC 

0 s . s ■ j 4 3 " " 

c 

AC 

0 * 45*34501 ■ ■ 

C( 

A C 

' j 45 ' 34502 : 

: U «3 * 3 4 4 0 C' * V 

s 

'* ”■* 

8 

'^T 

' 55 '* 350000 . 

S 


3 35 1 13510*05 

*3520001 

|S 

f » 

03543000 

CO 

AC 

O 355 OCO 0 

co- 

AC 

O 3560 & 0 C 

co 

AC 

oishooic 
0 4 0 0 3 c ' 1 

n 

k (2 

0 4 3 0 4 0 > *l 1 3 : 


0 u 03040 i 

cn 


0 4 0 u n <; * 4 3 C j 3 

cv 

Hi 

0 4 0 5 w 3 3 ’ 1 0 : 

cv 

m 2 

04050405 

cv 

MS 

04050405 '’ i'^O 

cv 

fU 

040604061^40 

Cv 

E 5 

04060406 0 20 '' 

Cv 

P 6 

040604060 30 0 

CD 

m 2 

0407040 /OC * 3 

CV 

Ml 

040904090000 

CV 

CO 

si 

040904090 O 10 

041104110000 

rv 


041201 OC 

cv 

OT 

04120200 

C V 

of 

04130000 

CV 

OT 

04140000 

cv 

AC 

04150000 

05000001 


CD 

OP 

CO 

Dm 

CD 

Dm 

CV 

Dm 

cv 

Oh 

cv 

Dm 

C V 

Dm 

cv 

DF 

CO 

Dm 

CO 

OF 

CD 

DF 

CO 

Dm 

cv 

Dm 

Cv 

OF 

Cv 

DE 

5v 

DM 

CV 

OF 

cv 

DE 

C V 

K 

CO 

Ml 

CD 


CD 

M3 

CP 

•^1 

CO 

wa 


0 AC 3 O 50301 00 
OU 03 OSO 30200 
OmOuOSOhOOOO 
040505050100 
040505050200 


040505050300 

040505050400 

oaososodocoo 

050701070000 

05070508010 C 

050705080200 

05090509000 C 

Sill 

051605160100 

051605160200 

051805180000 

06000001 

ObOlObClOpO 

060106010200 


060106010300 

060206020100 

060206020200 



'ABLE '.2-1 'Continued 


25<). 

251. 

25|. 


*<AST?« EVENT C'-TL‘<«4^T»10lOl 
MASTE9 event CNTI R.ArT»2f'if>! 

4SS»-f*»0 «1 01^1 

LOAO C^TLB a5SV«F«0 «2 0101 

L0A”i 4SSV»P»''; BJ OlOl 

i.OA^ CNTL» ASSV-A^'T «i OJOI 

L040 C^^U» 4SST«4lfT «2 
i.,)4*i ^ - - -- - - 


*i CNTl a 45ST*4FT a 
P-(0 CNTL5 4SSV-P/Hr> 


CvTL® 4SSv*F.Nr 
PC >'••<* C^TUS 4S5T-P-*'' 
PC CNTL» 45SV-4FT 

PC C'^tLP 4SSY-4ET 

PC P*<B CPTLR ASSV*AET 
MAIN DC DIST + CNU A8$ 
MAIN DC PI5T»CNTl. ASS 
main DC PISTaCNTL ass 
INV PIST ♦ CNTL ASSV 
INV OIST ♦ CNTL A5$Y 
TNV OIST ♦ CNTL ASSY 

elec pmb dst/cntl con 

PC PWfc CNTL ASSY*mT|5 
PC PWR CNTL aSSy»m|i) 
PC P*I» CNTL ASSY.NlO 
EVLSS RAT C*iAR5feP 

IvLSS owR Supply 

PROXIMITY SWITCH al 
PROXIMITY Switch «2 


■ 2 0101 
■ 3 OlOl 

n 

«i OtPl 

H 3 H 1 0 J 

r a^ 0 1 '' 1 

r 3 j'’' I 0 j 


^ w - 

♦ CN 

♦ CN 

DST/ 


CNTL ASSv 31 
CNTL ASSY «2 
CNTL ASSY al 
T/CNTL COST 
aSSY*m|d al 
4SSy»m|i) a2 

‘SY»Mir 


AFT 31O10J 
APT «20l0l 
APT *30101 
A8SY*10101 
ASSYaiotoi 

ASSvalOlOl 


PROXIMITY SWITCH 
PROXIMITY Switch 
PBPXIMITY SWITCH 
DATA PROCESSING 
COMPUTER «1 
COMPUTER a2 
COMPUTER *5 
COMPUTER aa 
COMPUTER as 
mdm PPl 
»*OM PP2 
MOM rpi 
MOM PP« 

MpM FAl 
MOM PA2 
MOM PA5 
mom pau 
MOM OEI • EwO 
MOM PFI - M|0 
MASS MCMaj fTAPTJ 
MASS MEMai IT-PE 
MASS MEMa^tTAPEl 
mass MEMajtTAPa) 
‘'QM PPI 1 

MDM npi 2 

MjM op I 3 
MOM OPI tt 
MpM OPl APT 1 
MOM OPT aft P 

MOM ^PI APT 1 

MpM I p.J 


, r r« ly 

- M|o 

mbj ff a( 


OPfcR 

STBV 

OPER 

ST0Y 


0101 


01 01 
010 
o!o! 
0101 
0101 
0101 
0151 


Sl?l 


0) j1 
0.0 I 
'401 
0101 
OJOI 
^101 

SiSI 

SUi 


loads 


25,00 

CO 

25.00 
7 5,02 

CD 

75,00 

75,0 0 

CD 

9 0,0* 

CD 

90, oc 

CD 

90.00 

CO 

260,02 

CO 

? o 0 , 0 0 

CD 

200, 00 

CD 

IbO.OO 

CD 

JeO.OO 

CD 

160.00 

CD 

42*20 

CD 

20,0c 

CD 

20,00 

CO 

20,00 

CD 

20. OQ 

CD 

20,00 

CO 

30, Oo 

CD 

30,00 

CO 

30,00 
5,0 0 

n 

75,00 

CD 

5.00 

6.00 

a 

6,00 

CO 

600.00 

600,00 

n 

600.00 

CO 

600.00 

CP 

600,00 

CO 

60,00 

CD 

40,00 

CD 

62«00 

CD 

60,00 

CO 

40,00 

CO 

60 , 0 0 

CD 

60,00 

CD 

60,00 

60,00 

n 

d:S§ 

CO 

CD 

8,00 

CO 

53,00 

S.OO 

n 

60,00 

CO 

40,00 

CO 

00,00 

ro 

uO, 00 

CO 

40,00 

cc 

60 , 0 0 

rn 

4* , Oo 

Ci) 

6 n , 0 0 

CP 


DATE U0lT« 


06:300030100 

060106030200 

0 6 0 ^ 6 : ' 1 c : 

060uO^Ou920C 
^6OaC60«030C 
060bf60se or 
0605CeC502«C 
06CSC605030C 
'^80606060100 
060606060200 
060606069300 
060706070100 
0607060. O^OO 
060706070100 

06cso6oeoioo 

O60SO608C200 

060606000300 

061C06100100 

0610061C020& 

061006100300 


06110001 
061206120100 

SlllSt !§!§§ 
061606160000 
061606 60000 
061906190100 
061906190200 
061906190300 
C 7 0 0 0 0 0 1 
07010701010C 
07OIO7010200 
070107010300 

070i07010a00 
070 l 070 1 0‘i00 
070S07030100 
070307030200 
070J07030300 
070307030600 
0703O7CaOl00 
0/0307060200 
070307060300 
070307060600 
07050000 
07060000 
070907090100 
070907090110 
070907090200 
07090709021 i"* 
07100100 
0710^200 
071 0O30O 
07 1 0 0«'^0 
07110100 
7 1 1 0 2 0 0 
071 l('30'' 
0712O712000U 



TABLE 7.2-1 (Continued.) 


Mr)M 


Oiftl 


Iff 

lisi 

lif: 

Jit: 

120, 

l; 

19S« 

111! 

3?9, 

$30. 

331. 

332. 

333. 
33f*. 

335, 

336. 
357. 

339, 

lao. 

341. 

34|. 


MD*^ OFI «2 
PIP ^GNITTON • SET 1 
PIP IGNITION « SET 2 
PIP 8EP*»ATI0N*SeT t 
PIP 8EPAB4TI0N-8ET 2 
SiS POND . 8ET 1 
SIS rOMO • SET 2 
TVC HVON RECTKC SY8 
SAFE ♦ arm device 
MAIN PROPULSION SYS 
MAIN ENG CONTROLLEP"! 
MAIN eng CONT«OlLtR-2 
VAIN ENG CONTROLLtR«3 
VAIN eng HTR at 
MAIN ENG NTS a2 
VAIN eng HTR as 
1.02 PREVALVE SOLENOID 
LOP PREVALVE SOLENOID 
LO' PREVALVE lOLONOfO 
LH2 PREVALVE SOLENOID 
LH2 PREVALVE SOLENOfO 
LH2 PREVALVE SOLONOln 
L02 FpD VtV al!0/DJ S 


L02 F + D VLV a2f0/8l 
LH2 F*0 VLV 31 tO/8) 
LH2 FtO VLV airn/bi 
LH2 F*D VLV aJtO/BJ 
LH2 F+O VLV aPtO/Hl 


; SOLENOID 
: soCoNOln 
3lfO/D[ SOL 
a2h/8l SOL 
31 CD/8] SOL 
alfO/bl SOL 
aMO/B) SOL 


data processing CONlT 
FNG interface unit al 0101 

FN6 interface unit a? olOl 

FNS interface unit a3 0101 

data bus iso amp al(GSE)Olfll 
data 8'JS ISO AMP 3li|5R8]0101 
^ATa pus ISO AMP s2;63E]0101 
•'ATA pus iso amp s2(P«BJO|CI 
pavlOa*'' 

MD“ PAVlOaD Fur* Si 0101 

MpM PaVLOAO F«*D a2 oiol 

HIDE BAND RECORDER tvSSI OlOi 
PCM RECORDER tMSSl 0101 

P/L - ASCENT/ENTRY OlOl 

P/L - SORTIE OlOl 

aU5 C+w unit OlOl 

AUV C + >N ANNUN assy 0101 

unmanned kit 

SUBSYS SEQ CDNTM UNIT*! OlOl 
8URSY8 SEQ COnTR UNITa2 ofOl 

external tank 

MOM - DFI OlOl 

SOLID ROCKET BOOSTER 
RATE GYRO ASSY 0303 

PATE GYRO ASSY 0303 

MOM • SET 1 0202 

mI5m • SET > 0202 

MOM DFI *l OlOl 

MOM OFI aj 0101 

PIC ignition • SET 1 030} 

PIC IGNITION « SET I 0303 

PIC SEPARaTION*SET t 2121 


0303 

0303 

0202 

0202 

OlOl 

m 

m 

040a 

Oaoa 


Sl?l 

nil 

eioi 

OlOl 

0201 

0221 

o| 2 l 

0201 

0201 

0201 

0201 

0201 

0101 

OlOl 

0101 

OlOl 


DATE llOlTa 


LOADS 

40.00 

§2*$o 

50.60 

50.60 
20. CO 

10.00 


40.00 

40.00 


20.00 

“|:s» 

1:!! 

?:§§ 

ii-.n 


42.00 

42.00 

im 

42.00 
4|.00 
4|,00 

42.00 


CD 

Ffr 

C 1 507130000 


5 7 1 a 0 0 0 t 

CD 

fu 

0 ’15- 7 150 ICC 

CD 

F5 

-■’lS07l5C?0u 

CO 

Ft. 

' , 1 i 0 ISO, , 

fi: 

^ >; 

*756C71b0l0; 

tb 

4 

) / I;s0/I601 1 0 

CD 

6- i. 

■ ■ 1607160200 

CD 

f- 

'Hfe-7lo021.. 


f' F ( 0 C 0 1 

CD 


• 0 1 C c .■> 1 0 1 0 J 

CO 


06C10F010200 

CV 

* 1 

OE020000 

CV 

HI 

0KO50OOC 

CD 

OT 

080-000 

CO 

OT 

» 0 a 0 1 0 0 

s 

AC 

r - 5 C 0 0 c 

s 

AC 

r 4* . - 0 0 0 0 
09000001 

CO 

OT 

O9O1C00C 

CD 

01 

09020000 

15000001 

CD 

OT 

1501 ISClCwOO 
16000001 

CO 

OT 

150116010100 

CO 

OT 

01 

150116Q10200 

150116020100 

OT 

1501 1602020C 

CO 

OT 

16040100 

OT 

1 6040200 

So 

H 

I503lt> .750100 
150316050200 

CO 

DT 

150316060100 

CD 

OT 

1503U060200 


DT 

S? 

150116070100 

150116070200 

CD 

1 6080000 

CD 

OT 

16090000 

20000001 

S 

s 

l.OQT 
1 ,0OT 

200120010100 

200120010200 

s 

1 .OOT 

200120010300 

s 

OT 

200220020100 

8 

OT 

200220020200 

8 

OT 

200220020300 

1 

OT 

S 

iooHoo 5 oJoo 

200320030300 

8 

OT 

2O04200401O0 

I 

OT 

200420040200 

S 

DT 

200420040300 

S 

OT 

20050000 

8 

OT 

2 OO 0 OOOO 

1 

OT 

8 ? 

20070100 

20070200 

5 

20080100 

S 

OT 

200S0200 
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T.\BLE 7.2-1 •'Continued) 


3a3. 

3ub. 

Ub, 

ja7. 

3U«. 

5««. 

350. 

351. 

!?!: 

il?: 

356* 
S5T. 
3 8. 

359, 

360, 

iti: 

363. 

зба. 

3 5, 

збб. 

367, 

368, 

369, 
ITO, 

371. 

372. 

373. 
37a. 
375, 
576, 

377. 

378. 

379. 

380. 

381. 

382. 

383. 

38a, 

385, 

386 , 

387, 

388, 

389, 

390, 

391, 

392, 

393, 

394, 

395, 
39b. 

397. 

398. 

399. 


Lm? TQPPlK'l VLV 02FN SOlOlOl 
IH? REC«C vcV HP8N 80U«10101 
LH2 R£CHC vuV TPPN 301920101 
LH? PECPC VLV CPeN.S0L»3niei 

ET/C08 l 02 PEEO fiJlC 5 VOlOl 

ET/09B L02 Disc S voiM 

ET/OP0 L^2 FEED DISC S VOlOt 
PT/nPb LM2 PPPO DISC S V f) J 0 1 
FT/OP0 RECT9C DISC S v OlPl 
8T/0P8 «Er!i<C DISC S V 0101 
10? PEEOLN «FLP SMUTDPF OIPI 
UH? 8EEDLN 9ELP SHUTOFF OlOl 
►'*16 PROP 3 yS*C 0NT I6UED 
LH? PRESStN DISC BYPASS 0101 
FT VFNT VLV ISO SOL VLV 0202 
L02 FFEOLS HEPPESS VLV«10101 
L02 FEEOIN REPRESS VLV«20lOl 
IH? FEE0L6 REPRESS VLV*10l0l 
LH? FEEDLN REPRESS VLV«20101 
HE CROSSOVER VLV ■! 0101 

HE CROSSOVER VLV »2 0101 

ME CROSSOVER VLV ■} OlO 

ENG HE SUPPLY ISO Sol *10202 


0101 

0202 


/Lv*ioiei 

/LV«20101 

0101 

m 


ENG HE supply 
ENG HF SUPPLY 
VEH Hg SUPPLY 
VEM ME SUPPLY 
HE 8L0W0N SOL 
HE RLOHON SOL 
102 PRESSiN fl 
L02 PRESSiN EL 
L02 PRESSiN eC 
IH2 PRESSiN el 
LM 2 PRESSiN El 
LH2 PRESSiN eC 


Sol » 

SOL ■- 
SOL •: 
S0L»1 
SOLS? 

•1 

s;? 


8i§! 

0101 


L02 PRESSiN Ei CNTL 
L02 PRESSiN EC CNTL 
IH2 PRESSiN el CNTL 
LM2 PRESSiN El CNTL 
LH2 PRESSiN EC CNTL 
FT ULLAGE SIG CND P 
ET ullage SIG CND P 
ET ullage SIG CND P 

PROP Com lev snsr 8 
PROP loading SNSR S 
HPS delta p igsej 
ORBITAL ManEijvERING 


SVl 0 

SV2 0 
8V3 0 
SVl 0 
SV2 0 
8V3 0: 
KG «10' 
KG «20: 
KG *30 


ENGINE 

fng:;ne 

ENGINE 


CONTROL 

control 


VALVE »3 


ENGINE CONTROC VALVE 
HE ISOL VLVS-SET I 
HE ISOL VLV8-SET 2 
HE ISOL VLVS-SET 3 
VAPOR rsoi VLVS-SfcT 1 
VAPOR ISOL VLVS-SET ? 
vapor TSOI. VLVS-SET 3 
vapor ISOL VLVS-SET a 
DUANTITV GAGING PROP~ 

ouanytty gagtng probe 

DUANTfTV CAGING PR08E 
QljANTITV gaging PRQkF 


11 0101 

12 0101 

»3 0101 

•a 0101 

SiSi 

0101 

0101 

?1§! 
0101 
•loiol 
■2oIoI 
•30101 
3U0 i 0 1 


DATE U0l7a 


L U A 0 $ 


a 2 .oo 

s 

DT 


2C090000 

a2.00 

s 

DT 


20 100 1 DO 
20100200 

a |.00 

s 

OT 


altoo 

s 

OT 


201^0300 

42. Oo 

s 

OT 


20110100 

a2.00 

s 

OT 


20110200 

a 2.00 

s 

OT 


20120100 

a2.eo 

s 

DT 


20120200 

a 2 .oo 

s 

DT 


2013O100 

a2,0A 

s 

OT 


20110200 

a|.oo 

s 

OT 


20140000 

al^oo 

s 

OT 


20150000 

20150901 

a 2 .oo 

s 

OT 


201bOCOO 

a2,oc 

s 

OT 


2C 1 70000 

aa.oo 

$ 

OT 


20180100 

a2,oo 

1 

DT 


20180200 

a2.oo 

s 

OT 


2C 1 90 IQO 

a2.oo 

s 

OT 


20190200 

al.oo 

s 

OT 


L OdOOlOO 

al.oo 

s 

OT 


20200200 

al.oo 

s 

OT 


20200300 

a2,oo 

s 

OT 


20210100 

aa.oo 

3 

OT 


20210200 

a?*oo 

s 

OT 


20210300 

alloo 

s 

OT 


202201C0 

a 2 ,oo 

s 

OT 


20220200 

a2.oo 

s 

OT 


20230100 

aa.oo 

s 

OT 


20230200 

a2.0o 

s 

OT 


20240100 

al.oo 

} 

OT 


?. '1 7 4 0 2 0 0 

a 2 ,oc 

s 

01 


. i>^0300 

aa.oo 

8 

OT 


2.-250100 

aa.oo 

8 

OT 


20250200 

a2.oo 

s 

OT 


20250300 

il:il 

CO 

F5 


20270100 

CO 

F6 


20270200 

33.33 

CD 

Fb 


20270300 

7,00 

CD 

F5 


20280000 

t!oo 

CD 

Fb 


20290000 

la.oo 

CDTBO 

Fb 

?032?032D0Do 




21000001 

56,00 

56,00 

CD 

CD 

OT 

OT 

21 12101D100 
210121010200 
?101?I010300 

56,00 

CP 

OT 

56.00 
2a . 00 

CO 

CO 

DT 

210121010400 

210221020100 

2 a . 00 

CD 

. - -- 

210221020200 

24.00 

CD 


210221020300 

24,00 

CD 

OT 

2103?10301CO 

24.00 

CO 

DT 

2 1 

,032103020'- 

|a;oo 


OT 

21 

.0321030:: C 

la , 00 

DT 

ii 

.032l030«eo 

67.00 

67. 00 

CD 

OT 

21 

.0521050100 

CO 

OT 

210521050200 

67,00 

CD 

01 

210521O5030O 

67l00 

CD 

OT 

210521050400 



TABtUi /,2-i (Continued) 


• 

NJ 

I 

ro 

CO 


40 ( 

40 ! 

40 < 

40 ] 

404 

40 ! 

40 < 

401 

401 

40< 

"j 

4 ! 



KNO 6 IMB 4 I, 4 CTUA 


•*UX HIT 
•AUX KIT 
VbIoAUX K 
V«>«AUX 




1 m|*L actuatoh 

w§ 4 L ACTUATOR 
H 0 At ACTUATO 
MK fSO VLtfS 


HfRMAL CNTt H 

?i‘i« isrk 


|N 6 ARH{N 6 
THfRM - 

RR 


IgMi CNTL HTR 8 »AU 
i8SmD*L?NE*'HTR!l 


tNCXM 

EN 6 IN 




^lyEk-®*!f29*’ •<o!m 


REACT 

THRUSTER • FWO jaOE 

THRUSTER • ART |O 04 

THRUStCR-VERMlER tEKDl Q 202 
THRUSTER VERNffR |aFTJ 0404 
HR HCLfUM fSOL VLV mpWt) 0401 

k2 oaoj 


OS 04 

0402 



EEO UIHE HTRS-AFT 


RRES 8 PAHeJ'HTRS 



VERN 

vIrn 

2fiJ 

002 RUR 
GH 2 RUR 6 
SHE PURG- 

ni 


.R 8 »RW 0 
EN 6 HTRS-FHQ 
HTR 8 -AFT 


. ATION 
VEHT H^.. 
VENT HtR 


04^4 
414 
-424 
0806 
0404 
0404 
0202 
0404 


VENT HtR 
VENT HTR 




FLOWME 


LOADS 



DATE llOlTa 


210421060100 


21062 


limiS 




liSlI 

21102 

I if 

2 l 142 
21142 


162 


060200 




.00 
090 S 0 C 
090400 



joioo 

.30300 

.40100 

.40200 




- 0 i ^ 0 
000001 
..eiooec 
2020000 
" 0300 CO 
040000 
060000 



722170000 
,822180000 
--1922190000 
222022200000 



3001100101 

3001300102 

300210020 } 


>020200 

...jsooioloo 

(00430040100 



TABLE 7.2-1 (Continued) 


2 CNT18 ♦ FL 

1 

t FUMf ♦ H20 


PUMP ♦ H|0 
002 PJR6C \ 
002 PURGE \ 

S02 PURoi y 
H2 PURGE y 
6H2 PURGE y 
6M2 PURGE \ 


vaCv 

VAtV 


P ■! ilART ♦ iU 
P •! ilARl ♦ lU 
P ■} iTART ♦ iu 

I ^Is! 


htr 0 

MTR 0 


FCP • 
PCP • 

FCP • 

eRYOO 

VAC«I 

VAC«i 

VAC«! 


n| hIatIr-fSp il w 

j f«t[ Ul sh Ih 



||n*Wr*Supl to 

iis K8 IHSkli 

Ioho^tehJ^gW? 

COHO GTY Pi 

Ih sn :! 

COHO QTY p« 

foNO pp||s *R 
COHO prIig con 


NO PREI 
IN6 UN] 


iw|TCHXN6 U 
INITCH :N6 U 
iwftCHCNG U 
SMITCH iNO U 

mi i 


N6 Un! ’ Ol-OFF 
N6 UNr’ h|« 

NO UNI" H|» 

0 VLV FCP P 

1 !!b;i lit : 


I ^Pll 

So 

ill 
0101 
0 0 

it II 

{:! 


NOXO VAiVi 
VLV MAN FOL 
VLV man FOL 
VLV man; FOL 
VfcW man! FQL 


m :i 


ANIPQLD P 
)0|NXC| SYS CON 
fflS tOXYGENI 8 
OVYOINl I 
0XYG|N] 8 

hy6rog|n] 

HYDROGEN} 


[NUCO 
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7,2-1 (Continued 


Sia . 

5t5, 

S16. 

51T, 

51«. 

519 * 

5?0. 

m: 

523. 

11 ^: 

m: 

11 $: 

530, 

531. 

II: 

III: 

11 $: 

55§* 

539, 

sao, 

IjI: 

saa , 

sa 5 . 

I!$: 

Sttd. 

599 , 

550. 

551 . 
55|. 
553. 
SStt. 
555, 

11 $: 

558. 

559, 
580. 

561. 

562. 

563. 

564. 

565. 

566. 

Ill: 

569, 

5?0. 


-<EiTC9S IhYDBOSFKJ SET 
AO* 90<»E» UMIT 
FUEL isolation VAUVfc 31 
PUEL isolation valve s? 
FUEL ISOLATION vALVi si 
«PU SI CONTROlLE® 

APiJ s2 controller 
AP u sj contwoller 

^ W Li _4 _ t 


TAN < nTW St 
TANK hTR s2 
Tank hTm s3 
APU LPE hea 
APU LINE HEA 
APU LI'VE NEA 
FUEL QTY gag 
FUEL QTV gag 
Fuel oty gag 
APU OIL LINE 
APU OIL LINE 
APU OIL LINE 

APU si tOrb 

APU s2 TURB 
APU sj TURB 


St - L^ 
s2 • L*^ 
s3 - R-i 

heaters 

heaters 

heaters 

GAGE SI 
GAGE s2 
GAGE S3 
INE HTR 
INE mTR 
INE HTR 
RB VLV 
RB VLV 


SIDE 

SIO^ 

SIDE 

ll 

S3 


si TURB 
s2 TURB 
■ TURB 


8ERVTCE 
SERVICE 
SERVICE 
FNVIR C 


i!Ui 


INE HTR si 
INE mTR s 2 
TNE HTR s3 
RB VLV HTR 
RB VLV HTR 
RB VLV HTR 
RB GAS GEN HTR 
RB CAS GEN HTR 
RB GAS GEN HTR 

INE heater si 
| nE heater s 2 

INE HEATER S3 
TROL ♦ LIFE SUP 


30202 

OlOi 

'MOl 

OlOl 

0101 

0101 

OJOl 

020' 

0201 

0201 

0201 

0201 

0201 

0101 

0101 

oioi 

0201 


0261 

0201 

0201 


CABIN fan si 
CABIN fan s2 
CABIN fan si 
mater PUHP PKG PRl A 
mater pump PKG PRl B 
mater rump PKG SEC 
CABIN PRESS CNTL SYSTEM 
CAB PRESS CNTL«AIRLK SP 
CAB PRESS CNTl»EMeRg MO 
water SUBLIMATOR SYS si 
MATER SUBLIMATOR SYS *2 
AVIONICS FANS-BAY I fAj 
AVIONICS FANS*8AY I l»1 
AVIONICS FANS-BAY 2 fAJ 
AVIONICS FAN8*0AY 2 tBl 
AVIONICS FAN8»BAY 3 tAl 
AVIONICS FANS«BAY 3 IB) 
H20 separators lARSJ • s 
H20 SEPARATORS fARSl • s 


91 $i 


AVIONICS FANS*BAY I K 
AVIONICS FANS-BAY 2 f( 
AVIONICS FAN8*0AY 2 tl 
AVIONICS FAN8»BAY 3 
AVIONICS FANS«BAY 3 {( 
H20 separators lARSJ - 
H20 SEPARATORS fARSl • 
H20 separators fARSl - 
CABIN heater si 
CABIN HEATER a? 

CABIN heater *3 
JN8TR ♦ CONTROLS [ARS] 

|mu hk assembly fan si 

IMU HK A8SEMPLV FAN »i 
IMU Hx assembly fan s. 


0101 

0101 

M OlO! 
p OlOJ 
0 0101 

1 nioi 

2 OlOl 
1 Old 
1 0101 

I M 
1 0101 
1 0101 
• loiol 
*20101 
■iOlOl 
0101 
0101 
0 101 
0101 
0101 

ds! 



TABLE 7.2-1 (Continued) 


iPi 

575. 

57 $, 

577. 

578, 

579. 

580 , 

III; 

58a. 

ses, 

588 . 

587, 

588 . 

589, 

590, 

591, 
59|. 
595, 
59a, 

l»: 

5 ,;. 

600. 

601. 

60|. 

902 . 

6oa, 

605, 
606 , 

607. 

608 . 

609. 

610 . 
611 . 
612. 


OVfN 


HEATER 

heater 


0101 

0101 


ECLS8 CONTINUED 
IN8T*CNTL8«0VES EANS »l 020 
TH$T*CHTL8*0VEH EAHS «f 020 
THST/CHTLS»0VEN EANS «1 020 
!NST/CHTL8«0VfeN FAHS si 0^0 
k»aTER «EATER »l 010 


!NST/CHTL8«0VfeN FAHS si n^O 
k»aTER «EATER »l 010 
*iATER HF4TEH si OlO 
r^uHP ►.OZZlF - ^ATfc» 010 
INSTR ♦ CONTROLS t«N4TERJ0l0 
TNSTR ♦ CONTROLS (HiTIRjoiO 
SOLinS COLLECTION SLINCHOIO 


4 f vjr I ▼ 

INSTR ♦ 
SOLins 
WATER S 
OUMP NO 
INSTR ♦ 
SMOKE 0 

SMOKE 0 
SMOKE 0 
8MOKE 0 
SMOKE 0 


ANS si 0201 
0101 
0101 
t» 0101 

t-NATERJ OlOl 
ItATIRlOiei 
SLINCHOIOI 


FLASH 

FLASH 

FLASH 

flash 

FREON 

FREON 

FREON 

freon 

FREON 

FREON 

space 

SPACE 


SEP -LIFE SUPPORT 
02ZL5-URINF 
♦ CONTROLS (WASTEI 

OET SENH-FLT/MIO 
OET SESR-0AY At 
OET SNSR-8AV A2 
OET SNSR-BAY A1 
oetection alarm 


oetection alarm 
EVAPORATOR HTR *l 
EVAPORATOR HTR «2 
EVAPORATOR EL «1 
EVAPORATOR EL «2 
PUMP LP l«A/0 ASC 
PUMP LP l*A/9 6 P 


PUMP 

PUMP 

PUMP 

PUMP 

PUMP 


2«A/B 

2-A/B 


l\ ? SI 

ASC 0201 
6 PL0201 
8 PL0201 
ACC 0201 
6 -L0201 


SPACE RAOI 

ECLS8 CONT^ 

AMMONIA BOtLEP SYSTEM • 
ammonia boilfr svsTem a 
FREON BYPASS CONTROL »l 
FRFON BYPASS CONTROL «2 
DIVERTER VALVE »1 
DIVERTER VALVE »2 
LC<5 COOLANT PUMP al 
LC0 coolant »UMP »2 
FREON PROPOR VALVE, at 
FREON PROPOR VALVE a2 
hydraulics power SYS 


PUMP LP 2-A/f $ PL0201 
radiator system aioiM 
RADIATOR SYSTEM aJoiOl 
CONTINUED 

A BOILER SYSTEM a|0|01 
A BOILFR system a2ol01 


hydraulics po 

LC EXTEND VAL 
MAIN LDQ gear 


MAIN log 
MAIN L06 
MAIN LDC 
MAIN LOO 
LOG GEAR 
LOG GEAR 
LOG GEAR 
LG RFTRAf 


POWER SYS 
ALVE 

..-AR UPLK VL 
gear UPLK VL 
gear UPLK VL 
gear UPLK VL 
DUMP VLV SI 
DUMP VLV sj 
DUMP VLV aj 
T riHC VLV 


!0i01 

OlOl 

0101 

0101 

0101 

0101 

0101 

OlOl 

0101 


OlOl 
«1010l 
•20101 
•Soioi 
aaol 01 

§ 18 } 

OlOl 

OlOl 


redundant s/0 valve al 

REDUNDANT 8/0 VALVE s2 
MAIN P'JMP al OEPRES VL' 


DATE Il0l7a 
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(» 28 . 

630, 
6M , 
63c • 
633, 
63M, 

635, 

636, 

637, 
63S, 
639, 
6 < 10 , 
661 , 
662 . 
64S. 
606. 

665, 

666 . 
667, 
668 • 
669, 

650. 

651. 

652. 

653. 
656, 

655. 

656. 

657. 
656 . 
659. 
660 1 
661. 
66c . 
661 . 
666 , 
665. 
666 , 

667. 

668 . 

669. 

670. 

671. 

672. 
671. 
676. 
67S. 

677l 

600 . 

681. 

iti: 

606. 


Mils PUMP 
Mils PUMP 
PIRC M0TC6 
CIC9 motor 
CICR MOTOR 
RCSVOIR •! 
RESVOIR *2 
RESVOIR *5 
90ME si sy 
3SME s2 3V 
SSMF. «3 SY 
I.I ELEVON 
LO EUtVON 


■ 2 OCPRES v'L OlOl 
*3 DEPRES VUV 0101 
PUMP «? 01 01 

PIJMP sj 0101 

pi;mP s 3 f>i0l 

VOLUME SENSOHOlftl 
VOLUME 6ESSOR0101 
VOLUME 8ESSOR0101 
S S/0 ViLVE 0101 

S S/0 ViLwE OlOl 


*5 VOLUME 8ESSO 
8V8 S/0 ViLVE 
3VS 8/0 ViLwE 
SYS S/0 ViLVE 
N MTR 9KT «l/*2 
N HTR 9KT «l/«2 


RI ELEVON MTR 8KT 91/«i 
RO IlEVOM HTR «KT at/*; 
HYDRAULICS CONTINUED 


0101 

0201 

02o; 

0201 

0201 


0OLR «2 THRM 
0OCR p3 THRM 
ROILER *1 ELF 


H20 BOILER 
M20 boiler 
H20 BOILER 
H20 BOILER 

H20 boilIr 

H20 BOtLCR 
H20 BOLR 
H20 BOLR « 
M20 BOLR P 
H20 BOILER 

W20 boiler 

H20 BOILER 

m|o boiler 

H20 BOILER 

SI!! 18 tp 

M20 BOILER 
H20 BOILER 
ELEVON ACT 

rDo/8rdbrk 

RUD/SROBRK 


BOILER 

BOILER 

boiler 

BOILER 


XFEH VLV 0101 
XFER VLV 0101 
XFER VLV 0101 
HRM CNTL VLOlOl 
HRM CNTL VLOlOl 
HRM CNTL VLOlOl 
ELECT CONTOlOl 
elect CONTOlOl 


CONTO: 


DBRK 

OBRK 


HYDRAULICS CO 
REIvR al lOM 
R|8VR *2 LOM 
RISVR al lOh 
BOOYFLAP MTR 
BODYFLAR MTR 
BOOYFLAP MTR 
MAIN PUMR Pi 
MAIN PUMP pS 
MAIN PUMP p3 
RUDDER 8PDBRK 


RK act VL PO 
Srt VLV P08 
CS CONTINUED 


ER 

ER 

Sage 

gage 

Po|^ 

POS • 


RUDDER 

RUDDER 

RUDDER 


RUDDER 
SSHE p 
SSME 
SSME P 


R 8PDBRK 
R SPDBRK 
R fPOBRK 
R SPDBRK 
R SPOBRX 
R SPDBRK 
p| HYOR 
i:i MY DR 
a3 HYDR 


2 MTR 

3 HTR 
HTR • 
HTR • 
HTR • 

MTR 

MtR 

MTR 

MTR 

MTR 

MTR 

li 


0101 

OlOl 

0101 

818! 

0101 

0000 

318! 


0101 


INO 0101 
P1/P20201 
P1/P20201 
Pt/P20|01 
P1/P20201 
al/PCO|Oi 
B1/P20201 

*1 htroSoI 
tz HTRoaoi 
»3 HTROBOl 
»6 MTR0201 
«5 MTRO201 
»6 HTR0201 


VALVE 

VALVE 

VALVE 


LOADS 




26,00 

S 


^ T 

26.00 

1561.0 

S 

CD 


S} 

1561 ,C 

rc 


nt 

1561,0 



OT 

«.0o 

e 

TbO 

OT 

F,00 

5 ' 

TBO 


8,00 

S ' 

TbD 

CT 

20,00 

s 


rT 

20,00 

S 


I' T 

20,0c 

s 


or 

50,00 

8 


OT 

50,00 

S 


dt 

50,00 

s 


OT 

50.00 

s 


OT 

20.00 

cv 

• 0,0 

OT 

20,00 

cv 

.0,8 

OT 

20.00 

cv 

•0,8 

OT 

50, CO 

cv 


OT 

50,00 

cv 


OT 

soloo 

cv 


OT 

20,00 

cv 

•0,0 

91 

20,00 

cv 

• 0,8 

91 

20.00 

cv 

-0,8 

07 

7,00 

cv 

1,0 

OT 

7,00 

cv 

> 

91 

7,00 

CY 

1.0 

OT 

too. 00 

cv 


91 

100.00 

cv 


OT 

100,00 

cv 


21 

1: 

CVTBO 

cvtbo 

8 

5.0 

cvtbd 

OT 

1:8» 

$ 

s 


8! 

l.o 

s 


OT 

lloo 

s 


OT 

2.0 

s 


QT 

2^0 

s 


OT 

2.0 

s 


OT 

50,00 

CD 


OT 

50.00 

CD 


OT 

50.00 

25.00 

CD 

CO 


07 

OT 

25,00 

CD 


OT 

|i,oo 

CD 

CD 


8? 

50,00 

CO 


OT 

50.00 

CD 


OT 

50.00 

CD 


OT 

50. OO 

CO 


01 

50,00 

CD 


OT 

lt:n 

88 


8! 

00,00 

CD 


OT 
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TABLE 7,2-1 Jontinued 


68S. 


b ^ • 
888 • 

689. 

690. 

*2l» 

69c . 


702. 

705. 

706 , 

705. 

706. 

707. 

708. 

709. 

710. 

711. 

712. 
715. 
719. 
h5. 


OOCXtNf? ♦ CA9S0 HNOur. 
MA^^IPULAT09 niOl 

“AMfP HEPl Tt D9IVE 0808 

MANIP PETfNT UAtCH r>9IVE0606 
PL a*Y OOQP PtT LCH 0«Vtl006 
ypPR TUNNEL EXt/BET D« lOlOl 
XfCR TUNNEL EXT/RET OR 20101 
XFER TUNNEL LTCM ORVE »1010J 
XPFR tunnel UTCH ORvF *20101 
POO CIRCUM latch drive 1206 
P8D CENTER LINE LTCH DR 1206 
radiator ret latch DR1VE0808 
RADIATOR DfPLOV ORIV*[ 0606 
RENDE sensor pEPL OR 9* oloi 
RENOZ sensor pEPL OR «2 0101 
HANIP CNTL INTRFACE UNlTOiOl 
E/T UHB ILHI door drive 0505 
E/T UM8 fLHj DOOR LATCH 0505 
F/T UM0 tRHj door drive 0105 
E/T UMR tRHl door latch 0505 


rendz sensor 
RENOZ sensor 
HANIP CNTL I 
E/T UHB ILH; 
E/T UM8 fLHi 
F/T UM8 tRHj 


E/T UMR tRHJ door latch 

mechanical svs ♦ lndg 

RU0/8PD BRKE 8/V [RUO 1 


0105 

0505 


RUD/SPO BRKE S/V OaO« 
STARTRACKER door DRIVE 0503 
RCS TOR DOOR ACT 050} 
RC8 LH SIDE DOOR ACT OSOS 
RCS RH SIDE DOOR ACT 0503 
LAUNCH UHB tLMj DOOR DR 0505 
LAUNCH UMB (Rh) door DR 050! 
P/L BAY tRHJ dr DRIVE 0505 
R/L bay II hi dr DRIVE 0}05 
GN+C PROBE ACT LH*A»f 0202 
6N*C PROBE ACT RH*A«t 0202 
NOSE HHEEL STEERING UNiTOlOl 


as; 0- tm 


P/L BAY II HI DR ORIV 
GN«C probe ACT LH«A«] 
6N*C PROBE ACT RH*A« 
NOSE HHEEL STEERING 
RRAKE/SKIB power SYS 
6N4C PROBE HFATERS 
VENT DOOR MOTORS 
VENT door motors 
VENT DOOR MOTORS 


act LH*A»T oi?2 
ACT RH-A-t 0202 
STEERING UNITOIOI 
POWER SYS 0101 
HFATERS 0202 
OTORS 0606 


0202 


[NT DOOR HTR PL bay WNG0606 


ORIGINAL PAGE IE POOR 


LOADS 


DATE nOlT*. 


1600.00 

150.00 
60,00 
60.00 

uo.oo 

140.00 

|l:§? 

200.00 
200,00 

11.00 

200.00 

200.00 

200,00 

200,00 


C V V f V M 

200.00 

400.00 


io;oo 

100,00 


CO 

OT 

CO 

-0.70T 

CO 

-0.70T 

u 

-0.7OT 

•0.7OT 

CO 

CO 

-0.70T 

•0.70T 

CD 

-0.70T 

CO 

•0,7OT 

CO 

•0.70T 


-0,70T 

•0.70T 

CD 

-C.70T 

CD 

•0.70T 

CP 

AC 

CO 

•0.7OT 

CO 

•0.70T 

CD 

-0.7QT 

CD 

-0.70T 

S 

OT 

s 

OT 

CD 

•0.70T 

•0.7OT 

CD 

•0.70T 

50 

•0.70T 

C D 
CD 

»0.70T 

-0.7CT 


-0.221 

•0.70T 

CO 

•0.70T 

CD 

•0.70T 

CO 


CD 

OT 

OT 

CDT0D OT 

CDT8D OT 

CO] 

'80 OT 

CD1 

fBD OT 


S I 0 0 0 0 C I 
51010000 
*s 1 0 2 C 0 0 0 


V V V V V 
,1 0000 
,20100 


52160000 

52200000 

52260000 

52278000 

525V0000 

523252320c00 

525552550000 


52SU52540000 

523552350000 



TABLE 7.2-2 


SEPAP TOPOLOGY KFINITION 


(3-Tar.'vL) 


r 

1 

&D:r.:cE 

I ! 

1 

j 


r' “'•"'iT 

ODNMiCrS* 

1 TO 


aO. 

NODE 

1 NODE 

IDilNTiriG'iTTOX 

1 

09 

01 

Fuel Cell 1 

2 

09 

02 

Fuel Cell 2 

3 

09 

03 

Fuel Cell 3 


* KOTR: 09 is ccr.nion ground. 
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TABLE 7.2-2 (Continued) 




ID! \ i in CAT! or; | 

Duel Coll J 
i-utl Cell 2 
I'ucl Cell 3 
Ground 

Main dc Pus A 
Main dc Pus A Loads 
I'wd Local dc r>us A 
Midbody Local dc Bus A 

» 

Aft Local dc Bus A | 

1 

RH IKC Panels Bus A j 

LM I)f;C Panels Bus A 

Pssential Bus 5 AB 

Inverter Pus A 

Main dc Bus B 

Main dc Bus B Loads 

Fwd Local dc Bus B 

Midbody Local dc Bus B 

Aft Local dc Bus B 

RII Df,C Panels Bus B 

LH Df)C Panels Bus B 
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TABLE 7.2*2 (Continued) 


F.usrs/NOu::s nmNiTiox 
('.0 xonns) 


BUS/KODH i\U:i£ER 

1 

IDENTIFICATION 

. 

27 

i 

Essential Bus 1 BC 

29 

Inv'erter Bus B 

30 

Main dc Bus C 

31 

Main dc Bus C Loads 

32 

Fwd dc Bus C 

33 

Midbody Local dc Bus C 

34 

Aft Local dc Bus C 

35 

RH D6C Panels Bus C 

36 

LH D^C Panels Bus C 

37 

Essential Bus 2 CA 

39 

Inverter Bus C 

41 

Fwd Sub -Bus AB 

O 

42 

Fwd Sub -Bus BC 

43 

Fwd Sub -Bus CA 

51 

Aft Sub -Bus AB 

52 

Aft Sub -Bus BC 

53 

Aft Sub -Bus CA 

60 

Main Bus Tie - A, B, C 

61 

Fwd Sub -Bus ABC 

L __ 62 

Aft Sub -Bus ABC 
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TABLE 7.2-2 (Continued) 


(54 LOA’’, ) 


f — “ 

SEPAI> 
LOAD NO. 

n/cn > n 

\ i\/ L-f .\sJm 

t 

I DENT I'lC.MIOX 

Ill 

1 D102 

i 

Main A On -Orb it c/b Panel 

112 

D1G2 

Main A dc Loads (Bus Return) 

113 

DlGl 

Main A dc Loads (Local Ground) 

114 

1 D1S2 

Main A Mission Specialist c/b Panel 

115 

D1P2 

Main A Payload Specialist c/b Panel 

116 

D1T2 

Main A ALT c/b Panel 

121 

D1F2 

Fwd Local A dc Loads (Bus Return) 

122 

DlFl 

Fwd Local A dc Loads (Local Ground) 

<123 

D1F3 

Fwd Local A Inverter Loads 

131 

DlMl 

Midbody Local A dc Loads (Local Ground 

141 

DIM 

Aft Local A dc Local (Local Ground) 

142 

B1A4 

Aft Local A Payload 

ISl 

D1R2 

RHD5C Panel Bus A Loads 

161 

D1L2 

LHD^C Panel Bus A Loads 

171 

D3E1.D1E1.D2E1 

Essential Bus 3 AB Loads 

211 

D202 

1 

Main B On-Orbit c/b Panel 

212 

1 

D2G2 

1 

Main B dc Loads (Bus Return) 

213 

D2G1 

Main B dc Loads (Local Ground) 

214 

D2S2 

Main B Mission Specialist c/b Panel 

215 

D2P2 

Main B Payload Specialist c/b Panel 

216 



D2T2 

Main B ALT c/b Panel 
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TABLE 7.2-2 (Continued) 


L0;D n£Fi.:? niON? 
(54 LOADS) 


sr.i’AP 
LOAit .\’0. 

R/SD NO. 

1 

1 

IDENTIFICATION | 

T21 

D2i'2 

^v:d Local g: Loads (iius Returns) 

222 

D2F1 

! 

Fwd Local B dc Loads (Local Ground) 

« 

223 

D2F3 

Fwd Local B Inverter Loads j 

I 

231 

D2M1 

( 

Midbody Local B dc Loads (Local Ground) 

1 

241 

D2A1 

Aft Local B dc Loads (Local Ground) 

242 

D2A4 

Aft Local B Payload 

251 

D2R2 

RH D6C Panel Bus B Loads 

261 

D2L2, D 

LH D6C Panel Bus B Loads 

271 

C 

DIE) ,I2E1,D3E1 

Essential Bus 1 BC Loads 

302 

D4W4 

Main C Payload 

311 

D302 

Main C On-Orbit c/b Panel 

312 

D3G2 

Main C dc Loads (Bus Return) 

313 

D3G1 

Main C dc Loads (Local Ground) 

314 

D3S2 

Main C Mission Specialist c/b Panel 

315 

D3P2 

Main C Payload Specialist c/b Panel 

316 

D3T2 

Main C ALT c/b Panel 

321 

D3F2 

Fwd Local C dc Loads (Bus Return) 

322 

D3F1 

Fwd Local C dc Loads (Local Ground) 

323 

D3F3 

Fwd Local C Inverter Loads 

325 

D3D2 

i 

Fwd Local C DFI 

331 

D3M1 

Midbody Local C dc Loads (Local Ground) 
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TABLE 7*2-2 (Continued) 


LOAD n:rr:i v ion 
(54 load:;) 


SCPAP 1 
LOAD NO.. 

R/SD NO. 

IDENTIFICATION 

j 

341 ! 

D3A1 

Aft 

I.ocal C 

dc Loads (Local Ground) 


351 

D3R2 

RH D5C Panel 

Bus C Loads 


361 

D3L2 

LII D6C Panel 

Bus C Loads 


371 

D2E1,D3E1,D11:1 

Essential Bus 2 CA Loads 

1 

1 

412 

D1F2,D2F2 

Fwd 

Sub -Bus 

AB Loads 

» 

423 

D2F2,D3F2 

Fwd 

Sub -Bus 

BC Loads 

i 

431 

D3F2,D1F2 

Fwd 

Sub -Bus 

CA Loads 

1 

1 

512 

1 

D1A2,D2A2 

Aft 

Sub -Bus 

.AB Loads 

( 

523 1 

D2A2,D3A2 

Aft 

Sub -Bus 

BC Loads 

t 

1 

531 

D3A2,D1A2 

Aft 

Sub -Bus 

CA Loads 

t 

1 

601 

D1F2,D2F2,D3F2 

Fwd 

Sub -Bus 

ABC Loads 

1 

1 

1 

602 

D1A2,D2A2,D3A2 

Aft 

Sub -Bus 

ABC Loads 

1 

1 

1 

j 



TABLE 7.2-2 (Continued) 


REST STon ' f .• ■ 


DEFIM'-'TO:; 


(11 5 -TOTAL) 


;SiS10R 
A ' I* 

iCl N'C . 

« 1 
1 CO.W'i-XTS 
! NODE ! 

i TO 
! NO:'.K 

j THRU 
ILOA!) NO. 

1 Tli;ai^~: 

! mon;: i 

’ NO . 

' RH.SISTOR < 
VALUE ! 

(01 IMS) ! 

1 

! SV.’ITCII 
! POSITION 

101 

01 

10 

- 

1 

i 

.00371 

\ 

c 

110 

10 

11 

- • • 

- 

.00001 

c 

111 

11 

09 

111 

- 

.02320 

c 

112 

11 

09 

112 

- 

.02168 

c 

113 

11 

09 

113 

- 

.04339 

c 

114 

11 

09 

114 

• 

.02320 

c 

IIS 

11 

09 

115 

- 

.00893 

c 

116 

11 

09 

116 

- 

.00234 

OP 

IZO*" 

10 

12 

- 

- 

.00419 

c 

121 

12 

09 

121 

• 

.00243 

c 

122 

12 

09 

122 

- 

.00487 

c 

123 

19 

09 

3.23 

- 

.00908 

c 

124 

12 

19 

- 

- 

. 00001 

c 

130 

10 

13 

- 

• 

.00605 

c 

131 

13 

09 

131 

- 

.04339 

c 

140 

10 

14 

- 

• 

.00946 

c 

141 

14 

09 

141 

- 

-04339 

c 

142 

14 

09 

142 

- 

.00447 

OP 

150 

10 

15 

1 ^ 

- 

.00826 

c 

151 

15 

09 

151 

- 

.00604 

c 

160 

JO 

16 

- 

- 

.00826 

c 


*iNoclal connections as listed icilect diode chiicni liow. 
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TABLE 7.2>2 (Continued) 





CON’XiiCiS TO 

A’v- M: AOi-M, 


mn:;?;. '■: 

(1 ir -TOT.-’.) 



173 

17 

16 

174 

20 

17 

175 

180 

03 

17 

10 

60 

201 ' 

02 

20 

210 

20 

21 

211 

21 

09 

212 

21 

09 

213 

21 

09 

214 

21 

09 

215 

1 

1 21 

09 

216 

21 

09 

217 

21 

09 

1 

220 

20 

i 

2: 

221 

22 

09 

222 

22 

09 

223 

29 

1 09 



i_ 






.00845 

.00001 

.00447 

.00001 

.00001 

.00001 

.00001 

.00001 

.00371 

.00001 

.02320 

.02168 

.00523 

.01774 

.01785 

.00199 

.00199 

.00119 

.00119 

.00199 

.00644 





K 

Nodal connections as listed reflect diode current flow 
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TABLE 7. 2 >2 (Continued) 


R 1 ■: • > 1 £ TO 'R / ;■ : : I T c ! ; / 1 ) i c ; * : ; 


PI- F INI T TOT 
(llS-TOTAiO 


ruFSiSTOi; ~T 
1 ANP 
SV;iTC!i N'O. 

COXNT.C 15 

Nom: ! 

TO 

NODT 

THRU 

LOAD NO. • 

TiiiUl" 

DIOLii 

NO. 

UBSI 3 1 jR 
VALLi: 
(Oi.MS) 

posiTic;-: 

224 

22 

29 

- 

• 

.00001 

c 

230 

20 

25 

- 

* 

.00605 

c 

231 

23 

09 

231 • 


.04339 

c 

240 

20 

24 

- 

- 

.00946 

c 

241 

24 

09 

241 

- 

.00572 

c 

242 

24 

09 

242 


.00447 

OP 

250 

20 

25 

- 


.00826 

c 

251 

25 

09 

251 

• 

.01256 

c 

260 

20 

26 

- 

- 

.00826 

c 

261 

26 

09 

261 

• # • 

‘.01123 

c 

270 

20 

27 

• 

270 

,00001 

c ' 

271 

! 

27 

09 

271 

- 

.00447 

c 

1 

272 

27 

25 


• 

.00001 

OP 

273 

27 

26 


- 

,00001 

OP 

274 

30 

27 

- 

274 

.00001 

c 

275 

01 

27 

- 

275 

.00001 

c 

280 

20 

60 

- 

• 

.00001 

OP 

301 

03 

30 

- 

- 

.00371 

c 

302 

03 

09 

302 

- 

.00447 

OP 

310 

30 

31 

• 

• 

.00001 

c 

311 

31 

09 

311 

• 

.02320 

c 

3U 

31 

09 




.00574„... 

__C- 

* IsoJr.l conn 

cctions as 

listed 

reflect diode current flow. 
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TABUB 1 , 1-2 (Continued) 


(11 5 -TOTAL) 


"K '.yKS ro:: 
Axn 

sv. TTCH r.o. 

iCOANLCTK 

NOOF. 

TO 

NODH 

THAU 

LOAD i;o. 

DiCDL 

N'O. 

RLSIiiCAi 

valih: 

(oh::.'-) 

S'aTTCII 

posTTio:: 

.‘.15 

31 

09 

5 1 3 

- 

,24125 

c 

514 

31 

09 

514 


,01371 

c 

315 

31 

09 

315 


,01635 

c 

516 

31 

09 

316 


.00659 

OP 

320 

30 

32 

- 

- 

.00419 

c 

321 

32 

09 

321 


.00245 

c 

111 

32 

09 

322 

- 

.00734 

c 

323 

39 

09 

323 

- 

.00756 

c 

324 

32 

39 

- 

- 

,00001 

c 

325 

32 

09 

325 


•- 06361 

OP , 

330 

30 

33 

- 

- 

.00605 

i 

c 

351 

33 

09 

331 

• 

.04339 

c 

540 

30 

34 

- 

- 

.00946 

c 

341 

34 

09 

341 

- 

C 

.00846 

c 

350 

30 

35 

- 

- 

,00826 

C 

351 

35 

09 

351 

- 

.02204 

c 

360 

30 

36 

- 

• - 

.00826 
t o 

c 

361 

36 

09 

361 

- 

1 

.01074 

c 

370 

30 

37 

• 

370 

.00001 

1 

! 

371 

37 

09 

371 

- 

.00447 

i 

i c 

372 

57 

55 

- 

- 

.00001 

OP 


0 ,, \ 

1 I' - 

J6 _ ' 

- 

- 

P . ^ t 

'•S ^ ^ 


* A'oclnl connections as listed reflect diode current flow. 
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TABLE 7.2*2 (CoDtlnued) 



] a-SISTO i-:/r: ;TTCH/r :lO:‘:: 

(11 5 -TOTAL) 






TO 

NODE 

TH?dJ 
LOAn N'O. 

MM 

■MHaHBroiw 

■MusBSI 

sv.Trcii 

POTHTOM 

37 

- 

374 

.00001 

c 

37 

- 

375 

.00001 

c 

60 

- 

- 

.00001 


41 


401 

. 00001 

c 

61 

- 

402 

.00001 

c 

43 

tk 

403 

.00001 

c 

42 

• 

404 

.00001 

C 

61 

- 

405 

.00001 

c 

41 

- 

406 

.00001 

c 

43 

- 

40.7 . 

•.00001 

C . 

61 

- 

408 

.00001 

c • 

42 

- 

409 

.00001 

c 

09 

412 

- 

.00447 

c 

09 

425 

- 

.00447 

c 

09 

431 

- 

.00447 

c 

51 

- 

501 

.00001 

c 

62 

- 

502 

.00001 

c 

53 

- 

503 

.00001 

c 

52 

• 

504 

.00001 

.c 

62 

- 

505 

.00001 

c 

51 

- 

506 

.00001 

c 




IlllllllSflU 


c 


* Nod.ll connections as. listed reflect diode ciirront flov;. 
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TABLE 7,2-2 (Continued) 


niiSisTUii 1 

ANH IcON'N’IXTS 
SV/ITCn NO. ! NODE 


RES T ST0:y^S:T'i (Ni/'n ooi: 
];ii] -TNTTTO N 


TO 

.NODE 

THRU 
LOAD NO. 

■■ jilRU"' 
DiODE 
NO . 

62 

- 

508 

52 

- 

509 

09 

512 

- 

09 

523 

- 

09 

531 

- 

09 ... 

. 601 

• 

09 

602 



'■RES'lSlOU 

VALUE s’.aici; 

(OHMS') I'csnic:-; 


-onooi 
. oonoi 

.00447 
.00447 
.00447 
.00447 
.0044 7 


* Nodal conncctionr an listed reflect diode current flo^v^ 
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APPENDIX 7.3 


LISTING OF EPDC AND USER LOAD ELEMENTS BY SUBSYSTEM 
(FROM ROCKWELL PROFILE ANALYSIS DOCUMENT, DATED 
13 AUGUST 1974 AND 1£C MEMORANDA) 


7.3.0 



TABLE 7,3-1 


EPDC USER SUBSYSTEM CODE NUMBER LISTING 

01 GUlDAlKjE NAVIGATION & CONTROL 

02 COMMUNICATIONS 

03 DISPLAYS & CONTROLS 

DA OPERATIONAL FLIGHT INSTRUMENTATION 

05 DEVELOPMENT FLIGHT INSTRUMENTATION 

06 ELECTRICAL POWER DISTRIBUTION 6e CONTROL 

07 DATA PROCESSING 

08 PAYLOAD MANAGEMENT 

09 UNMANNED KIT 

15 EXTERNAL TANK 

16 SOLID ROCKET BOOSTER 

20 MAIN PROPULSION 

21 ORBIT MANEUVERING SYSTEM 

22 REACTION CONTROL SYSTEM 

30 POWER GENERATION SYSTEM 

31 CRYOGENICS SYSTEM 

32 AUXILLARY POWER UNIT 

40 ENVIRCaiMENTAL CONTROL & LIFE SUPPORT 

50 HYDRAULICS 

51 DOCKING & CARGO HANDLING 

52 MECHANICAL SYSTEM & LANDING 
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TABLK 7.3-2. SHITTLE SUBSYSTEM ELEIIENT CODE AND PRIME 
POWER LISTING 



SUBSYSTEM: 

GUIDANCE AND NAVIGATION 

CODE 01 


N'i :.cvMj-; 

S/S WA'i.S 

ELEPENT CODE 




IPU =l CPfcRATt 

160.00 

GIOIOICIOICO 

I*'L =1 STANDBY 

55.00 

oioicioicin 

IPU =<» OPhRAT0 

160.00 

OlOlOlClO’OO 

I^U STALCPY 

55.00 

CIOIOICIOCI 3 

IMU = I nPFRATh 

160.00 

ClQlOiOlO3O0 

If't =1 STANDBY 

55. CO 

010101C1O31 0 

star trkfk ♦ LT SHLO =l 

20. CO 

C10301030100 

star IAKEK ♦ lt shlo =? 

20.00 

C10301C30200 

STAR IRKEk *■ LT 5HLD ^3 

20. CC 

CIC301C30300 

aim data xccb assy -i 

A5.00 

01C40 1040 ICO 

AIR CATA XCCR ASSY -2 

A5.C0 

010401040203 

AIW DATA XnCR ASSY 

A5.00 

010401C40303 

AIR DATA XOCR ASSY 

n icht rnMRPi s 

A5.00 

010401C40400 

01C7OOCI 

OlOfiOlObOlOO 

ASCENT TVC ORV« =l - AFT 

94.50 

ASCENT TVC ORVR =? - AFT 

94.50 

010«010b0200 

ASCENT TVC ORVP =3 - AFT 

94.50 

010801060300 

AERP SRF SRV AMP =l-AFT 

107.77 

010901G901CO 

AFRP SRF SRV AMP ^2-AFT 

IC7.77 

C109013902CO 

AERP SRF SRV AMP =3-AFT 

IC7. 77 

C10901090303 

AERP SHF SRV '*P =^-AFT 

1C 7.77 

C 10901 090<- .0 

RfACTlCN JET LRVR =l FWO 

59.20 

ClllOlllOlOO 

REACT U N JFT PRVR -2 FWO 

59.20 

01110111D2 33 

REACT JFT CMS PRVH=l-AFT 

152.70 

C112011201C3 

REACT JET PMS CKVR=2-AFT 

152.70 

C11201120200 

RATF GYKC ASSY-AFT =l 

23.00 

011301130100 

RATE GYRC ASSY-AFT =? 

23. GO 

01130113C2 0 

RATF CYRG ASSY-AFT =3 

23. Oj 

011301130300 

ACCELf RCMETER ASSY-FWC=l 

2.9C 

0114011401C3 

ACCELEROMETER ASSy-FV*C = ? 

2.90 

01 1401140203 

ACCELERGMEIER ASSY-FWC=3 

2.90 

011401140 303 

Trans hang ccntrol =i 

4. CO 

011601 16C100 

TPANS HAND CONTROL =2 

4. CO 

01l60llb02CO 

R( T HAND CCNTRCL =1 

10.63 

011701 1 /OlOG 

ROT MANU CCNTRCL =2 

10,60 

011701170200 

PHI HAND CPNTRCL =3 

10.60 

011701170300 

RcnuEH pedal xncR asy =i 

3,30 

oiiaoiisoioo 

KCnOEM pedal xdcr asy =2 

3. 30 

Cl 1801 18C2 03 

SPEED BKK THRUST CNTL =U 

6. CO 

C1190119010J 

SPEED HRK thrust CNU =2< 

6.00 

C11901190700 
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TABLE 

(Continued) 


SIllTri r- SUBSYSTEM ELEMENT CODE AND PRIME 

POWER listiih: 

SUBSYSTEM: C(»MUNICATIONS 

CODE 02 

ELEMENT NAME 


S/S WATTS 

ELEMENT CODE 

r ♦ h IV MCMICR =1 


20. CO 

02 01020 10 ICO 

H 1 W IV MCNIILR -2 


2C.00 

0201020102GU 

IV IF CCMRCL 


5. CO 

020202020GCO 

IV CARcRA CCLcR ♦ MON 


2C.C0 

020302030000 

IV CARFRA -l*2 


12. SO 

020402040100 

Tv CARFRA B*k 


12.50 

020402040200 

t AN TIL! FLECT =1 


1C. 00 

020502 OSOICO 

i»A,\ HIT elect =2 


10.00 

020502C50200 

*»AN TILT RCUKT =l 


3.00 

C206020b0100 

•»AN tilt RCUNT =2 


3.00 

C206020602C0 

VlnFO SWITCHING NETWCRK 

5.00 

0207020TOCOO 

NEIwnPK SIG PHCCESSOR 

= l 

24.00 

C2O7020MOIO0 

NF UORK SlG PROCESSOR 

=2 

24.00 

0207020R0200 

r.MRL CnTl unit AUDIO 

= l 

34.00 

021002100103 

CMRL CNTL UNIT AUDIO 

= 2 

34. CO 

C21C0210020J 

s-hanc fr KMITR =1 


ICO. 00 

G211021101C3 

S-RANC FM XMITP =2 


ICO. 00 

C21102U0200 

S-8ANC FR SIGNAL PRCC 


10.00 

021202120CCO 

S-RANC TRANSPONDER =l 


15.00 

C21302130100 

S-DANC TRAKSPONORR =2 


15.00 

C2 1302130200 

S- BANC PmR ARP ASSV 


CCO-CO 

02140000 

S-flANC PRE ARP ASSY 


25.0 

02150000 

S-ftANC ANT SW ASSY 


C.60 

C21402I60000 

lACAN =l 


15C.C0 

C21502170100 

lACAN -.•» 


15C.C0 

021502170200 

lAf.AN 


150. CO 

021502170300 

S-MANf SWITCH COAXIAL 


0.60 

021R02180COO 
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TABLE 7.3-2 (Continued) 

SIUITTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 


SUBSYSTEM: C0MMUN1CAT1(»1S (CONIINUED) 


EI.EMENT NAME 

S/S WATTS 

EI.EMENT CODE 

►*SBLS BP ASSY =l 

22.00 

022002200103 

MSPLS UCUH ASSY =l 

78.00 

022002200110 

MSPLS BP ASSY -2 

22.00 

022002200200 

MSBLS LXDR ASSY =? 

78.00 

0220022CC210 

MSHLS RF ASSY =3 

22.00 

C22OO22CO3C0 

MSHLS L'CCR ASSY =3 

78.00 

0220C2200313 

RALAR altimeter =l 

37.50 

C22102210103 

RALAR ALTIMETER 

37.50 

C221022102CO 

CCMSEC LNIT AP =1 

35.00 

C228022BCIC3 

CCMSEC UNIT AF =2 

35.00 

022802283200 

CCMSEC LMI AF =3 

35.00 

C22802280330 

CCMSEC LNIT AF =A 

35. CO 

C228022b0A00 

P/L IMfcRt;- AF4NASA =l 

30.00 

C23002300IOO 

P/L INTERG- AF^NASA =? 

30. CO 

023002300200 

PAYLOAP SIG PRCCESSOR =l 

17.00 

021602310100 

PAYLOAC SIG PRCCESSOR =2 

17.30 

02160231C’00 

UHF RCVR =l MAIN/GUARC 

30.00 

0209C2330100 

Uf'f RCVR -2 MAIN/GUARC 

30.00 

020902350200 

UHf TRANSMITTER =l 

50.00 

0209023A0100 

UHF TRANSMITTER =2 

SO. 00 

C2C9023A02C0 

UHF RF NETWORK CPLNG 

15.00 

C235023500CO 

DOPPLER EXTRACTOR =l 

15.00 

023902390100 

QCPPLtR EXTRACTOR =2 

15.00 

0239023902CJ 

EVA SIG PRCCESSOR =l 

10. CO 

C2A002A00100 

EVA SIG PRCCESSOR =2 

10.00 

02A002A00200 

ALI.'IO TERM UNIT - FwC 

5.00 

02A10001 

AtUin lERM UNIT - MSS 

5.0C 

02 a2 01 00 

AUDIO TERM UNIT - PSS 

5.00 

02A20200 

AonO TERM UNIT - REAR 

5. CO 

02A20300 

SPEAKER MIKt ASSY -RIGHT 

A. CO 

O2A2CA0O 

speaker MIKt ASSY -LEFT 

A. 00 

02A70100 

S-BNO PM XMITH OFI 

ICO. CO 

07A70200 

S-BNO MULIX CFI 

0.00 

02A8OC0O 

Rnn/ RADAR ELEC ASSY -CC 

160.00 

02A90D00 

RND2 RACAR elec ASSY -AC 

20.00 

02500000 

RM)/ RADAR ELEC ASSY -CC 

50.00 

02501000 

RND/ RADAR OPLY ASSY -AC 

395.00 

02510000 

KL-BAND EL ASSY - DC =l 

ICO. 00 

02511000 

KL-BANC EL ASSY - CC =2 

ICC. 00 

02520100 

KU-PAND CL ASSY - AC =l 

20.00 

02520200 

KL-HAND EL ASSY - AC =2 

20.00 

02 52 11 00 

KL-PAND CLMM CPY ASSY =I 

85. CO 

02521200 

KL-BANO CPMM DPY ASSY =2 

85. CO 

02530100 

KL-BANU C'-MM tPY ASSY =1 

235.00 

02530200 

Ku-BAND CCMM pPV ASSY 2 

235.00 

02531100 

KU-HNl, Sit, PRCCESSOR 

15. OC 

02531200 

025A0C00 


/ 
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TABLE 7.3-2 (Continued) 


SHirriLE SUBSYSTEM ELEMENT CODE AND PRIME POWER 
SUBSYSTEM: DISPLAYS AND CONTROLS 

!.. i'.Mi'NT KAMI-; S/S WATTS 


MUlLUt 

AiriTLUi: LIR 
AITlTLIJt UiR 


l\n-Fk*C =l 
INU-FWO -2 
INC-AFT 


mu I sn iNo=i 

SIT INO=? 

AS/PACH INC AKI =1 
AS/^'ACH INC AJ'I =2 
ALT VfK VLL INC =l 
ALT VE« VEL INC -? 

ta»>e peters hyc-amu-pps 
t!^PSS POINTER INO 
SLHE PCSmCN INO 
(JIY I AD CMS/BCS 


CALI * KARMNG LN I T 


MI SSII N TIMER =l 
MISSILN TIMER =2 
EVENT TIMER =1 
EVtM timer =2 
CHT DISPLAY LMT -1 
CRT DISPLAY UMT =2 
CP T display unit =3 
CRT DISPLAY oMT 
Dl SELAY ELECT UMT =l 
DISPLAY elect UMT =2 

display elect unit =3 

DISPLAY elect LN I T =<t 
01 SP LPVR UNIT-CRH EKC=1 
DISP LRVR UMT-CRW FV*C=2 
OISP CPVR LMI-CRW AFT=3 


MAMP HAND CONTROLLER 


1A.60 

1A.60 

1A.60 

35.00 

35.00 
AC. 00 
AO. 00 
AO. 00 
AO. 00 

132 00 
.00 
5.00 
6. CO 

20.00 
A. CO 
A. 00 
A. 00 
A.OC 

SC. 00 
SO. 00 
SC. 00 

so. 00 

207.30 
2C7. 50 
2C7.30 
2C7.30 
12C.OO 
12C.00 
120.00 
8.CC 


LISTING 

CODE 03 


ELEMENT CODE 


03CIO3OIOIOO 
C3C103010200 
03010303 
030303030100 
03C3C3030200 
03CAO30A01O0 
030A030A0200 
030503050100 
C3C5030502CO 
03C60CC0 
03120C00 
C31303130C03 
O31A0C03 
C31503150000 
C31703170I00 
C317O31702C0 
C318O31801C0 
C31803180200 
C319031S01C0 
031903190200 
031903190300 
031903190AOO 
03210103 
03210203 
03210300 
0321CACO 
03220100 
03220203 
03220300 
03250 325CC 03 
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TABLE 7.3-2 (Continued) 


SIlUrn.K SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 
S! "'.SYSTEM; DISPLAY AND C(WTROL UCHTlNc; CODE 03 

KI.EMENT NAME S/S WATT; ELEMENT CODE 


IMEGHAL L IGHTS-tEET/CTR 
IMPGPAL LlGHTS-nVhU 
IMtGKAL LIGHTS-RIGHT 
INIPGRAI LIGHT:j-ClAR 
AANCNClArCR tlS-LEFT/CTR 
ANNCNLIAIGR LTS-CVHC 
AKNLNCIATCR LTS-RIGt-T 
MID ctCK Ficrn lTS - I 
MIC DECK FLCCL LTS - lt\ 
MIL CtCK Floor LTS - A/6 
Min CtCK FLCCO LTS - 5 
MIO DECK FLCCC LTS-PAKEL 
LRR UtCK SLEEP STA LTS 
L*»R DECK WASTE MGMT LTS 
LWR OtCK galley light 
AIRLOCK LIGHTS 
CARIN FLCCC LIGHTS AFT 
GlARESHIELC FLOLTS -LEFT 
GLARESHIELC FLCLTS-RIGHT 
CENTER CCKSCLt FLCCOLTS 
PI LET CONSCLE FLDLTS-RHT 
PILCT CONSCLE FLOLTS-LFT 
REAR STA P/L ITS 
EMERGENCY LIGHT - 1 
EMERGENCY LIGHT - 2 
PAYLCAC RAY FLCOC LTS 
MAMP SPOT LIGHT 
RNUZ LIGHT 


nA.co 
13A,C0 
13A.CG 
1 3 A. 00 
23. 10 
23.30 

23.30 
19. AO 
19. AO 
19. AO 
19. AO 
19. AO 
18.50 
18.50 

15.00 
IC3.50 

29. 8C 

29.30 
29.80 
29.80 
29. 8C 
29.80 

60.00 
29.80 
29.80 

2CO.OO 

ICO.CC 

30.00 


DCCKIAG SPOT LIGHTS 150. CO 
C*W STATES BOAKC 36.00 
C»W AANUNCIATHR ASSY 2A.00 
C*Vi AKNUK ASSY - CUIESCT 2. CO 


C33103310I00 

C33103310200 

033103310303 

033103310AOO 

C33303330100 

0333033302C0 

0333033303CO 

0335033501CO 

0335033502G0 

033503350300 

0335O3350A00 

C33503350500 

033603360C03 

0338C338CC0O 

C33903390CC3 

03A103A10JGJ 

03A203A2010J 

C3A203A20200 

C3A203A20300 

C3A203A20A00 

C3A203A20500 

03A203A20600 

03A303A30000 

03A503A50100 

03A503A50200 

03A903A90000 

035OO35C00OO 

035103510000 

G35AOOOO 

03550000 

03560C00 

03560010 
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TABLE 7.3-2 (Continued) 


SlurriLE SUBSYSTEM ELEMENT CODE AND PRIME POWER 
SUBSYSTEM: OPERATIONAL FLIGHT INSTRUJ«ITATION 

KI.KMENT NAME S/S WATTS 


PCM master UNIT OACRU =l 
PCM MASTER UNIT DAC6U =2 
MAINT RECCRUER 
SIG CCNO UMT-FWO =l 
SIG CCND UMT-FWO =2 
SIG CtNC UMT-FWn =3 
SIG CT\n UNIT =l - AFT 
SIG CcNn UNIT =2 - AFT 
SIG CCNU UNIT =3 - AFT 
Lcnp RECCHCER 
MASTER TIMING UNIT-WMUP 
MASTER TIMING UM T-OPR 
PAYLOAO RATA INTERLEAVER 
SIG CCND LNIT-CMS/RCS =l 
SIG CfNR UNIT-CMS/RCS =2 
SIG CENO UNIT-F/C AREA 
SIG CCND UMT-FWO RCS 


60.00 
6C.00 
AO. 00 
35.00 
35.00 
35.00 
35.00 
35.00 

35.00 
AO. 00 
AC. 00 

26.00 

30.00 

35.00 
35.00 
35.00 
35.00 

0.30 
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LISTING CODE 04 


ELEMENT CODE 


0A030A030100 
OA030A030200 
OAOAOAOAOOCO 
OA050A050103 
OA050A050203 
OA050A050300 
CA060A060100 
CA060A060200 
OAC60A060300 
0AO7OAO7OOOO 
OA040A090COG 
OAC90A090010 
OAllOAllOOOO 
0A120i00 
OA 120200 
0A130CC0 < 
OAIAOCCO 
OA 150000 
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TABLE 7,3-2 (Continued) 

SHUTTLE SLBSYSTEil ELEMENT CODE AND PRIME POWER LISTING 
SUBSYSTEM: DEVELOPMENT FLIGHT INSTRUMENTATION CODE 05 


ELEMENT' NAME 


S/S WATTS 


ELEMSNT CODE 


»>r,M master unit - =i 
PCM MASTER UNIT - =2 
PCM RbC(5RCEK 
SIC, CCNI! UNIT - EhD =1 
Sir, CCNP UNIT - EWC =2 
SIC CfNC UNIT - FWC =3 

SH, CLNL UNIT - FWC =4 

SI. , CCNU UNIT -MID =1-12 
WlUERANI.i FCM UMT-FWC 
WHEBANP FOM UMT-MIC =1 


KILFBANP FCM UMT-MIC =2 


WICEBANO KECCRCER 


wlCfcPNC SIG CNC 
ViIDFBKC SIG CND 
WIDEBND SIC CNO 
STRAIK GAGE SIG 
STRAIN GAGE SIG 
STRAIN GAGE SIG 
CURRENT SFNSrP 


UNIT FWC 
UNIT Min 
UNIT MID 
GNU FWD 
CND MID 
GNU MIC 


60.00 
6C.C0 
AC. CO 
35. CO 
35. CC 
35. OC 
35. CC 
35. CC 
5C.0C 
50. CO 
5C.C0 
AC. CO 
C.6C 
0.60 
0.60 
5.60 
5.60 
5.60 
C.30 


CA0305030103 
CA0305C30203 
CA0A050A0C00 
CA0505050ICO 
OA0505050203 
CA0505050300 
CA0505050A00 
OA0505060000 
05C7O5C7OCOO 
050705080103 
05070508020J 
050905 C9000J 
051205120003 
051305130103 
0513051302C3 
C51505150000 
051605160100 
C516051602C3 
C51B05180C03 
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TABLE 7.3-2 (Continued) 

SIIUTTI K SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 
SUBSYSIKM: ELECTRICAL POWER DISTRIBUTION & CCWTROL CODE 06 

s/s watts element code 


INViRltKS IPH,750VA,80< 

JWfRIFKS 1PH,750VA*8CI ^*00 

INVFKimS IPH, 750VA,eC( 

PVHC tVFM CMLR -FWC =l ?5.C0 

PV«C tVFM CMLR -FWC =2 2b. 00 

'EASIER tVEM CML«-Ari=l 25.00 

MASTER EVENT CNTLR-AFT=2 25.00 

ICAC CNTLR ASSY-FwC =l 75.00 

LCAP CNTLR ASSY-FWC =2 75.00 

LCAF CNTLM ASSY-FWC =3 75.00 

LCAC CNTLR ASSY-AFT =1 90.00 

LLAC CNTLR ASSY-AFT -2 90.00 

LCAC CNTLR ASSY-AFT =3 90.00 

Ot PWR CNTLR ASSY-FWC 260.00 

or. PWR CNTLR ASSY-FWC =2 260.00 

nC PWR CNTLR ASSY-FWC =3 260.00 


060lC60lOiOO 
C6CIO60102G0 
06C10601030) 
06020602010J 
C6C2060202C0 
060306C3010J 
C60306030200 
060A06CA01GJ 
□60A060A0203 
060A060A0300 
C60506C50100 
060506050203 
C6C506050300 
C606060601 jO 
C60606060200 
060606060303 



OC PWR CNTLR ASSY-AFT =1 160. CC 

nC PWP CNTLR aSSY-AFT =2 160.00 

OC PWR CNTLR ASSY-AFT =3 160.00 

MAIN CC CIST^CNTL ASSY=1 20.00 

MAIN CC CI3T*CNTL ASSY=2 20.00 

MrtIN CC CIST+CNTL ASSY=3 20.00 

I.4V niST ♦ CNTL ASSY =1 20,00 

INV OIST ♦ CML ASSY =2 20. CG 

TNV DIST ♦ CNIL ASSY =3 20.00 

ELfcC PWP CST/CNTL CONT 
OC PWR CNTL ASSY-MID =1 30.00 

nr. PWR CNTL ASSY-MIC =? 30. CC 

OC PWP CNTL ASSY-MIC =3 3C.00 

» VLSS OAT CHARGER 5.00 

fVLSS PWR SLPPIY 75.00 

PROXIMITY SWITCH =l 8.00 

PRCximiy SWITCH =2 8.00 

PROXIMITY SWITCH =3 8.00 


060706070100 
060706070200 
C6C7060703CO 
C608060bClCO 
C60806080203 
0608060803CO 
C610061001 OO 
C61006100200 
C61006100300 
06110001 
C612061201U0 
0612061202CC 
061206120303 
061606160000 
061806180000 
061906190100 
06190619C2G0 
C61906190303 
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TABLE 7.3-2 (Continued) 


SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER 
SUBSYSTEM: DATA PROCESSING 

ig.l^MENT NAME S/S WATTS 


CCMPUIER =l 
C^^»PUTFR =2 
CCHPtTbR =3 
CCMPtUR =A 
CLTPUU-R 
MOV FH 
MLM FFP 
MOM FF3 
MUM FFA 
MOM fUl 
MOM FA? 

MOM FA3 

MOM FAA 

MOM on - FWD 

MOM OFl - MIC 

MASS MFM=l TAPE CJPFR 

MASS MFM=l TAPE STBY 

MASS MFM=? TAPE OPER 

MASS MEM=2 TAPE STBY 

MOM CF I I 

MOM Of I 2 

MOM Of I 3 

MOM on 4 



OF I 

AFT 1 




or i 

AFT 2 



MCM 

OF I 

AFT 3 




LF-l 





LA-l 




DA FA 

PROCESSING 

CON 

T 

hKG 

inte 

RFACE LN 

IT 

= 1 

tNG 

INTERFACE ON 

IT 

= 2 

h NO 

INTC 

RFACE UN 

IT 

= 3 

DA FA 

l‘US 

I SO AMP 

= 1 

GSE 

DATA 

L‘US 

ISC AMP 

= 1 

CRB 

A 

ULS 

ISC AMP 

= 2 

GSF 

DATA 

U U S 

ISC AMP 

= 2 

CRH 


feCC.CO 
6C0.00 
6CC.CO 
6C0.C0 
6CC.C0 
AO. CO 
AO. CO 
AC. 00 
AO. 00 
AO. 00 
AO. 00 
AO. 00 
AO. 00 
AO. 00 
AO. 00 
53.00 
8.00 
53.00 
8.00 
AO. 00 
AO. 00 
AC. 00 
AC. CO 
AC.UC 
AC. 00 
AC. CO 
AO.OC 
AO. 00 


50. nC 
50.60 
50.60 
20.00 
1C. 00 
20.00 
1C. CO 
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LISTING 

CODE 07 
ELEMENT CODE 


C/010701010G 
OT010701070J 
C7010701030J 
07010701 0<.03 
070107010503 
C70307030100 
C7C3C7030/00 
C70307030300 
070307030^^' 
0703070AO? 
C70307CA0?V/>j 
0703070A0300 
0703070A0403 
07050C00 
0706CCCO 
C70907O9C100 
C7C9C70901 10 
070907090200 
:70907090210 
07100103 
07100200 
071003C0 
07100ACO 
071101CJ 
07110200 
07110300 
071207120UOO 
07130713CCo0 
071A000I 
071507150100 
071507150200 
07150715C3CO 
071607160100 
C7160716C1 10 
0716071602CO 
07160716021 ) 



TABLE 7.3-2 (Continued) 

SIltlTIT.E SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 


SUBSYSTEM: PAYLOAD MANAGE:;ENT 

S/S wvrrs 


Mor- P/SYirAP FViT 


AC. 00 

Ml y p/ivt cAH Fwr =2 


AO. 00 

«Il'F hand BECCRCFK 

MSS 

175.00 

PCM NhCCKDER 

MSS 

AC. CO 

P/L - ASCEM/tNTRY 


961.50 

P/L - SORTIE 


3769.20 

AOX UNIT 


10.00 

ALX C*K ANNUM ASSY 


15.00 

UNMANNED KIT 


370.00 

SUBSYS SEC CCNTR UNI T=l 

190.00 

SUBSYS SEC CCNTR UNIT*2 

rxTERNAL tank 
MLM - OFI 


20.00 


CODE 08 
ELEMENT CODE 


CBClCbOlOlOO 

C80108010200 

080200C0 

08030C00 

08040C03 

0B0401C3 

08050000 

08060GOO 

C9C00CO1 

0901000J 

09020000 

15000C01 

150115010COO 


7.3-11 



TABLE 7.3-2 (Continued) 

SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER 
SUBSYSTEM; SOLID ROCKET BOOS ' ER 
lil.EMENT NAME S/S WATTS 


PATt CYRO ASSY 
RATt GYRC ASSY 
- SfcT I 
MLK - SfcT 2 
PCM Ufcl 
MCM Ufcl =2 

PIC ICNITICN - SET 1 
Pir. IGNITICN - SET 2 
PIC SfcPARATirN-SET I 
PIC SfcPARATlCN-SE f 2 
Slo C( Nl) - SET I 
SK, CtNf} - SET 2 
IVC MYCR RfCIRC SYS 
SAfcF ♦ ARV CrVICF 


A2.CO 
A?. 00 
15.00 

15.00 

35.00 

35.00 
C.OO 
C.OO 
C.CO 
0.00 

20.00 

2C.00 

2C6.00 
75. OC 
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LISTING 

CODE 16 
ELEMENT CODE 


150116010100 
150116010200 
150116020100 
150116020200 
16CA0100 
1604 02 CO 
15C316050100 
150316050200 
150316060100 
15C316060200 
150116070100 
150116C70200 
16080000 
16090000 



TABLE 7.3-2 (Continued) 

siiirm.i'; subsystem element code and prime power listing 


SUBSYSTEM: MAIN PROPULSION SYSTEM 


CODE 20 


l•;l.l■;Ml■;NT nami-; 


S/S WATTS 


ELEMENT CODE 


f'AlN t u:MRCLLER- 1 7t>0.00 
f'AlN FNG CCNTRCLLhR-2 750. CO 
MAIN fcNG CCNTRCLLER-3 750.00 
main eng HTR =1 3C0.00 
MAIN ENG HTR -2 3C0.00 
MAIN ENG HTR =3 3C0.00 
LC2 PRFVALVE SCLENCIC A2.00 
Lf2 PPEVALVE SGLENOIC A2.00 
1(2 PREVALVE SCLONOIU A2-00 
LH? PRFVALVE SCLENCIC A2.00 
LH2 PREVALVE SCLENCIC A2.00 
LH? PRtVALVE SCLCNCIC A2.00 
LC? F*0 VLV =l C/R SCL A2.C0 
LC? F+L VLV ~Z C/e SCL A2.00 
LH2 F»(> VLV =l C/B SOL A2.00 
IH2 F*H VLV =1 C/0 SCL A2.00 
LH2 F+^C VIV =2 C/B SCL A2.00 
LH? F+n VLV =2 C/B .^L A2.00 
LH2 TOPPING VLV OPEN SOL A2.00 
LH? RECRC VLV CPEN SCL=l A2.00 
LH2 RECRC VLV CPEN SCL=2 A2.00 
LH? RECRC VLV OPEN SCL=3 A2.C0 
FI/CRP LC2 FEtC DISC S V' A2.00 
FT/CRE* LC2 FEEL DISC S V' A2.00 
ET/FRC LH? FFEt) DISC S V A2.00 
rr/CRP LH2 FEEL CISC S V A2.00 
FI/f’Rp RECIRC CISC S V A2.00 
EI/CRP RECIHC CISC S V A2.C0 
L.'/ FEEnLN RFLF SHUTCFF A2.C0 
I.H? FEECLN RELF SHLTCFF A2.C0 
MAIN PROP SYS-CCNTINCEl; 

LH? PRESS N rise BYPASS A2.00 
FT VENT VLV ISL SQL VLV A2.00 
LL? FEEnLN REPRESS VLV=l A2.00 
LC? FEEDLN REPRESS VLV=? A?. 00 


2C0120010100 
200120010200 
200120010300 
200220020100 
200220020200 
200220020300 
200320030100 
200320030?CO 
200320030300 
200A200A0100 
200A200A020J 
200A200A03CO 
20O5OC00 
20O60C00 
20070100 
20070200 
2C0B01O0 
20080200 
20090000 
20100100 
20100200 
20100300 
20110100 
2C11C200 
20120100 
201202C3 
20130100 
20130200 
201A0CO0 
20150C00 
20150901 
’0160CG0 
? 70000 

20180100 
20180200 
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TABLE 7.3-2 (Continued) 


SHUITLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 
SUBSYSTEM; MAIN PROPULSION SYSTEM (CONTINUED) CODE 20 


ELEMENT NAME 


U'? FbtTLN KEPWESS VLV=l 
LH2 FEEULN REPRESS VLV*? 

Hr CRCssrvtR vlv =i 
m CHLSSCVER VLV =2 
Mb CRCSSCVtR VLV =3 
ENG HF SLPPLY ISC SCL =1 
ENG HE SLPPLY ISC SOL =2 
cNC HC SLPPLY ISO SCL =3 
VEH HE SUPPLY ISC SCL=l 
VbH HE SLPPLY ISO SCL=2 
HE fiLCWL'N SCL VLV =l 
ME PLCWUN SCL VLV =2 
LC2 PRESS N FL CNTL SVl 
LC2 PRESS N FL CNTL SV? 
Ll.2 PRESS N FL CNTL SV3 
LH2 PRESS N FL CNTL SVl 
LH2 PRESS N FL CNTL SV2 
LH2 PRESS N FL CNTL SV3 
FT LLLAGE SIG CNO PKG =l 
tf LLLAGE SIG CNO PKG -Z 
ET LLLAGE SIG CNO PKG =3 
PROP LOW LFV SNSR SIGCNO 
PROP LCACING SNSR SIGCNO 
MPS DELIA P GSE 


S/S WATTS 

ELEMENT CODE 

42.00 

\ 20190103/ 

42.00 

20190200 

42.00 

20200100 

42.00 

20200200 

42.00 

20200300 

42.00 

20210100 

42.00 

20210200 

42.00 

20210300 

42.00 

20220100 

42.00 

20220200 

42.00 

20230100 

42.00 

20230200 

42.00 

20240100 

42.00 

20240200 

42.00 

20240300 

42.00 

20250100 

42.00 

20250200 

42.00 

20250300 

33.33 

20270100 

33. 33 

2C270200 

33. 33 

20270300 

7.00 

20280C00 

7.00 

?0290Cu0 

14.00 

203220320000 
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TABLE 7.3-2 (Continued) 


SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER 
SUBSYSTEM: ORBITAL MANEUVERING SYSTEM 


ELEMENT NAME 

S/S WATTS 

iNGlM (.LNTRGL VALVE =1 

56.00 

fNGINr- CCMROL VALVE -? 

56.00 

FNGINL r.CNTRCL VALVE =3 

56.00 

ENGINE CONTROL VALVE 

56.00 

HI I SOL VLVS-SET 1 

2A.00 

Mt ISCL VLVS-SET 2 

2A.C0 

Hfc ISCL VLVS-SET 3 

2<>.00 

VARCR ISCL VLVS-SEl 1 

2<».00 

VAPOR ISCL VLVS-SET 2 

24.00 

VAPCR ISCL VLVS-SET 3 

24.00 

VAPCR ISCL VLVS-SET A 

24.00 

QUANTITY GAGING PROBE =1 

67.00 

quantity gaging probe =2 

67.00 

QUANTITY GAGING PROBE =3 

67.00 

QUANTITY GAGING PROBE =A 

lI.QO 

Ht ISC VLV=1-AUX KIT 

24.00 

Ht ISC VLV=2-AUX KIT 

24.00 

VAPCR ISC VLV=l-AUX K»T 

2 4.00 

VAPCR ISC VLV-2-AUX KIT 

24.00 

ENG GIRBAL ACTUATOR =1 

134.50 

ENG GIf'BAL ACTUATOR ~2 

134.50 

ENG GIPlJAL actuator *3 

134.50 

ENG GIPHAL actuator =A 

134.50 

PROP TNK ISC VLVS 

32.00 

CROSSFEEC VLVS-SET 1 

32.00 

CROSSFEEC VLVS-SET 2 

32.00 

CRUSSFFEC VLVS-SFT 3 

32.00 

ThtPPAL CNTL HTR =l 

7CC.OO 

THERPAL CNTL HTR -2 

700. CO 

ENG AOPING SOL VALVE =1 

56.00 

ENG APPING SOL VALVE =2 

56.00 

THERPL CNTL HTRS-AUX KIT 

7CO.OO 

PROP TNK ISO VLV-AUX KIT 

32.00 

CRUSSFFU: LINt HTRS 

50.00 

ENGINE ^1 heater 

50.00 

ENGINE =2 HEATER 

50.00 

VALVE PCSiriON INC 

0.40 

VALVE PCS IND-AUX KIT 

0.40 

PROP LCV* LfVEL SENSCR =1 

11.25 

PROP LOW LEVEL SENSOR -2 

11.25 
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LISTING 

CODE 21 
ELEMENT CODE 


210121010100 
210121O102C0 
2101210103CO 
21O121O10A00 
210221020100 
?l 0221020200 
210221020300 
210321030100 
210321030200 
210321030300 
210321030A00 
210521050100 
210521C50200 
210521050300 
210521050A00 
210621060100 
210621060203 
21070100 
21070200 
210921090100 
2 1092 10902 CO 
21C921090300 
210921090AOO 
2110211000C0 
:il321130100 
211321130200 
211321130300 
211A211A0103 
211A211A02QO 
211521150100 
211521150200 
211621 16CCC0 
211821180000 
211921190000 
2120212001G0 
212021200200 
212121210000 
212221220000 
21232123C1C0 
2123212302CO 



TABLE 7.3-2 (Continued) 


SUUITLE SiaSYSTEM ELEMENT CODl PKL'-!E POWER LISTIN'G 
SUBSYSTEM: REACTION CONTROL SYSTEM CODE 22 

ELEMENT NAN- S/S WATTS ELEMENT CODE 


ThKLSiER - IWU 

IAC2 

36.00 

22C122OIOCC0 

IbHLSIER - AFf 

2AC^ 

S6.C0 

220222020000 

iHRLSIFK-VtRM E« FWC 

02C2 

IS.CC 

2203220300C3 

IhPLSICR VFRNIER AFT 

OACN 

15. CO 

22C422040CC0 

HP F-ELIUP ISri VLV -Fv^O 

ONCl 

8N.00 

22C622060CC0 

LP HFL-lSiL VLV-Fwn 

02C2 

8<t.C0 

2207220700C0 

HP HELIUM ISLL VLV -AFT 

ORCl 

PA.OO 

220822C80CC0 

LP HELIUM ISCL VLV -AFT 

OAC2 

84.00 

220922090^C0 

PROP MANIF iSCL VLV -FWO08CI 

84.00 

221022100CC3 

PROP MAMF ISCL VLV -AFTlbOl 

84.00 

2211221100C0 

PRCPELIANI ISCL VLV-VtRNOACl 

56. CO 

221222120C00 

TANK ISC IHRST VLV- FwO 

OAOl 

84.00 

22l322l3uOOO 

TAM ISC IHRST VLV-AFT 

OttCl 

84. OC 

221422140000 

TANK HEAitRS-AFT LEFT 

OACA 

55.00 

221522150000 

TANK HEATERS-AFT RIGF.T 

0A04 

55.00 

22162216C0C0 

MAIN ENG HEATtRS-F»kC 

IA14 

10.00 

22172217C0G0 

MAIN ENG HFATlRS-AFT 

2A2A 

10.00 

22l82218CC0n 

PROP FfEC LINE HTRS-AFT 

08C8 

16.00 

221922190000 

PRESS P;iNtL HTrS 

O^CN 

2C.Q0 

2220222000C3 

FF-n SYS MTRS-fWP 

CNCA 

16C.00 

222122210C00 

VLRNILR FNG HTRS-FWO 

02C2 

5. CO 

222222220C00 

ViHMEH rNG HTRS-AFT 

OACA 

5.CC 

222322230000 
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TABLE 7,3-2 (Contiuaed) 


crv 

iiL 

C,ii^ 

M 

H^I'C 

FCP 

f-CP 

hLi> 

FCP 

FCP 

Ff.P 

Ff.P 

FCP 

FCP 

FLP 

FcP 

FCP 

FCP 

FC^ 

FCF 

H/C 

!VC 

FCP 

FCP 

FCP 


SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 


SimSYSTRM: POWER GENERATION SYSTEM 


CODE 30 


EL R'^aNT N^AME 


S/S WATTS 


ELEME rr CODE 


PL*<Gt VENT HTP =l 

33.00 

3CC130C1010J 

•»c^ ;e vent hip ~2 

33.00 

3CC130010200 

PLRGfc VENT hTR =l 

61. CC 

300230020100 

PLRGE VENT HlH -2 

61.00 

30C230020200 

RELIFF VENT HTR =l 

16. CO 

30C330030100 

RELIEF VENT HTR =2 

16.00 

300330030200 

=l CNTlS ♦ FLCWKETRS 

15.00 

300A300A0100 

=7 CNTLS ♦ FLChPETPS 

15.00 

300430040200 

= 3 CNTLS ♦ FLCk*M£TRS 

15.00 

30043OG403C0 

-1 PUMP ♦ H2H SENSCR 

15C.00 

30053C0501C0 

=2 PLMP ♦ H2G SENSCR 

150. CO 

30C530050200 

=1 PLMP ♦ H2G SENSCR 

15C.OO 

300530050300 

-1 GC2 PURGE VALVE 

33.00 

3006300601 CO 

=2 GC2 PURGE VALVE 

33. CC 

30C630060200 

=3 GC? PURGE VALVE 

33. CO 

3C06300603C0 

=1 GH? PURGE VALVE 

1C. 00 

3CC6 30070100 

=7 GH2 PURGE VALVE 

1C. 00 

30C6300702C0 

=3 GH2 PURGE VALVE 

1C. 00 

3CC630070300 

=1 START ♦ SUST HTR 

60CC.00 

3CC8300801CO 

=2 START ♦ SUST HTR 

6000.00 

300830080200 

=3 START ♦ SUST HTR 

60CC.00 

30083C080300 

LINF HEATEP-FCP =l 

15.00 

301501 CO 

LINT HEATFH-FO =2 

15. CO 

30150200 

LlNt HEATER-FCP =3 

15.00 

30150300 

THFRPAL CNTL F'TP 

150. CO 

3Cl7CiC0 

-2 Thermal cntl htr 

150.00 

3C1 7c:co 

^3 thermal cntl HTR 

15C.00 

30170300 
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TABLE 7,3-2 (Continued) 


SHUTTLE SUBSYSTEM ELEME.',: COuL Ai.D PRI>i POWER LISTING 


SUBSYSTEM: 

CRYOGENICS SYSTEM 

CODE 31 

ELEMENT NAME 

S/S WATTS 

ELEMENT CODE 


VAC-lf>, Pw» SO PL GSE 

= 1 

10,00 

nci3iaicito 

VAC-ICN SLiPL GSt 

= 2 

> C . OO 

31 01 31 01 0200 

VAC-ICK Pt*« SLPL GSe 

= 3 

10,00 

31C131C103C0 

VAC-ITN Pm» SLPL GSF 

=4 

1C, Oo 

310131C104C0 

SIS CfM) I6MP SNSR 


1,30 

3102310200C0 

siG CLNu crv =1 


4,00 

31C33103CIC0 

SIG CCND (.TY =2 


4,Q0 

3103310302CO 

SIG CCNO CIY =3 


4. CO 

310331030300 

SIG CCNP CTY =A 


•..00 

310331030400 

SIG CCNO PRESS =l 


C.30 

310431040100 

SIG CCNO PRESS =2 


C, 30 

31C431040200 

SIG CCNO PRESS =3 


C, 30 

31C431040300 

SiG CCNO PRESS =A 


0,30 

31G431040400 

Sir. CLNn PRESS CCNl = 

1 

1,00 

310531C50100 

SIG CCNO PRESS COM = 

2 

l,CO 

310531050200 

SIG CCNO PRESS CCNT = 

3 

1,00 

3IC531050300 

SIG CCNO PRESS CCNI = 

4 

1.00 

310531050400 

SWITCHING UNIT 02-CN 


26.00 

31060QOO 

SI.ITCI-ING UNIT 02-CFF 


C.4C 

3106CC10 

SWITCHING CNIT H2-LN 


2.50 

3107CC00 

SWITCHING UNIT H2-CFF 


0.20 

31070C10 

SCLENCIO VLV Ftp =l 


56.00 

3111311201CO 

SClENCIO VLV FCP =2 


56.00 

3IU31I20200 

SCLFNCin VLV FCP =3 


56.00 

311131120303 

SLCENtin valve ECLSS 

= 1 

56. CG 

31113113OIC0 

SCLENCIO VALVE ECLSS 

= 7 

56. CO 

311131130200 

src VLV PAMFCLD =l 


56.00 

311531150100 

SLL VLV MAMFCLC =2 


56, CO 

3115311502.0 

StL VLV PAMFCLC =3 


56. CO 

311531 15C3C 

SLL VLV PAMFCLC 


56.00 

U 153U504CO 

MfATERS CXYGFN SfT 

1 

394.50 

311731 1701 •■'O 

heaters GXYGlN SET 

2 

3S4.5C 

311 7311 7C^ CO 

HfcATERS CXYGEN StT 

3 

81.00 

3117311703C0 

HEATERS HYCRCCEN SET 1 

81. CC 

311731180100 

HEATERS HYCRCGEN SE 

T 2 

81.00 

3U73U8C2CC 

HEATERS HYCRCGEN SET 3 


311 731 18C3C0 
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TABLE 7.3-2 (Continued) 


StIUTTLE SUllSYSTEM ELEMENI CODE AND PRIME POWER LISTING 


SUBSYSTEM; 

AUXILIARY POWER UNIT 

CODE 32 

ELEMENT NAME 

S/S WATTS 

ELEMENT CODE 


ILfL iSTL-illCf VALVE =I 


AC. 00 

32G2320201C3 

n.U iSi LAIIfN VALVF =? 


AC.CC 

320232020200 

^L^L rjf:LArir\ valve =3 


AC. CO 

32C232020300 

API. =i r.CNLKCLLEP 


ISC. 00 

320332030100 

APU -? rCMRCLLER 


150.00 

320332030200 

\,‘Ki =^ CCNIRCLLER 


150.00 

3,?03320303o0 

IaNK MR =1 - LH SIOE 


50.00 

32C532050100 

TANK MR =? - LH SICE 


50. CC 

32G532050203 

TANK hlR =3 - RH ilOE 


50.00 

320532050300 

APU LINE HEATERS =l 


50.00 

320732070100 

ARU LINE HEATERS =.! 


50.00 

3207320702G0 

A*L LINr HEATERS =3 


50.00 

3207320T03C0 

FLEL CIV GAGE =l 


1.00 

3208320801C0 

ELEL CTY gage =2 


1.00 

32083208C2C0 

FLtL CTY GAGE =3 


1.00 

32083208C3C0 

APU OIL LIKE HTR =l 


ICC. 00 

32C932O9CIG0 

Ai’t OIL LIKE HTR =2 


ICO. 00 

320932090200 

ARL OIL LIKE HTR =3 


lCO-00 

320932090303 

.APL =l TL.<H VIV HTR 


68.30 

321032100103 

APU =2 TLRP Vl V HiR 


68.30 

321032100200 

APU =3 TL«e VLV HTW 


68.30 

321032100303 

ARU =1 TLPP GAS GEM HTR 


68.30 

321132110100 

API. =? TLRR GAS GEN HTR 


68. 30 

3211371102G3 

ARU =^3 TGRP GAS GEK HTR 


68.30 

321132110300 

SfcwVlfE LIKE HEATER =1 

02C1 

50.00 

3212321201C3 

SERVICE LIKE heater =2 

02C1 

5C.0C 

3212321202C3 

SERVICE LINE HEATER =3 

02C1 

50.00 

321232120300 
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TABLE 7,3-2 (Continued) 


Sill'TTLE SLKSYSTEM KLEyii.M' CODL AMD PRLIE POWER LISTING 
SUBSYSTEM: ENVIRONMENTAL CONTROL S LIFE SUPPORT CODE 40 


ELKMENT 


s/s WATTS 

ELEIffiNT CODE 

CAW IN f A\ 1 


SCC.CC 

4CC 14C010I00 

LAIMN LAN -2 


‘^^CC.CC 

40C14CCIC200 

CAHIN FAN -3 


sco.cc 

4CC140C1030J 

WAir« PUMP PEG PR I A 


PTC. 00 

40C2400201 00 

WAIIR PUMP PKf. PR I B 


o 

4 

o 

o 

4CC240C202C0 

WATER PUM-’ PKG SEC 


2 7C.CC 

40C2400203C0 

CAPIN PRESS CML system 

64.00 

40C340G30000 

CAB PRESS CNTL-AIRLK 

SP 

30. 6C 

40C34C03C01O 

CAB PRESS CNTL-F**P,RG 

i^n 

23. GO 

4CC34003CC20 

WATER SUPLIMATCR SYS 


ICl.QO 

40C44004CIUO 

WATER SUPLIMATCR SYS 

= 2 

ICl.OO 

40C4400402CO 

AVIONICS FANS-8AY 1 

a 

lec.co 

4CC5400501 CO 

AVICNICS FANS-BAY 1 

p 

IflO.CO 

4v^C54CCb0?C0 

AVICNICS FANS-BAY 2 


lec.co 

4 0054005 03 GO 

AvlCMCS FANS-BAY 2 

1? 

lec.cc 

40C540C504C3 

AVICNICS FANS-BAY 3 


I8C.C0 

4CCb40050b00 

AViCNiCS FANS-RAY 3 

e 

lec.co 

4CC54G050fc0G 

H2C SiPARATCRS ARS - 

= i 

4C.C0 

40C640Qft0lC0 

U/C SEPARATCRS ARS - 

-2 

4C.00 

40C64CC602C0 

HPC SfPARATCRS ARS - 


4C.CC 

40C64CC6C300 

CABIN HiiATFR ^I 


333.33 

40C7400701CO 

CABIN Uf ATFR -2 


333.33 

4U074C07C200 

CAr3lN UEAIER =3 


333.33 

40074C070’CD 

INS : ' ♦ CCNTRCLS ARS 


47. CC 

4C0fl4CC80C^0 

IMU ASSEMBLY FAN = 

1 

5b. CC 

40G94CC9C1 CO 

IML « assembly fan = 

2 

5b. 00 

40G94009C200 

IML M* ASSF^'MEY FAN = 

1 

bb.CO 

4OC940090 3C0 

nVLN Hf A I t W - 1 


IbO.OC 

4 J10401001CO 

nvEN t E AT*^ R 2 


IbC.CC 

4 104010J2C ) 
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TABLE 7.3-2 (Continued) 


SHUrrLE SUBSYSTEM ELEMENT CODE AND PRIME POWER LISTING 

SUBSYSTEM: ENVIRONMENTAL CONTROL & LIFE SUPPORT (CONTINUED) CODE 40 


ELEMENT N’ATIE 

S/S WATTS 

ELEMENT CCH)E 

1 \ S 1 T 1 >-LVf:N =1 

S5.0C 

4JU4C110100 

I'.L 1 ‘LML'j-CVfN l-ANS =? 

S5.C0 

4C1140110200 

1 ^ST/LML'' -CV^:^ FANS =l 

S.OO 

40114C111U0 

i\M/c\us-c Vl\ fans =:* 

5.00 

401140111200 

wArt< Hr/'Thi< =i 

455.00 

40124C120100 

WAf^K ♦•tArt'^ ^2 

455. CO 

401240120^-*CO 

OLKF \C/ZIF - WATtR 

1C. 00 

401340130CO3 

INSTR ♦ r.l'NTPCLS WATFP 

12.0 

40144O14OCOJ 

INSTR ♦ riMRfjlS hATFR 

10.00 

401440141COO 

SCUDS CCLLECriCN SLINGS 

120.00 

401640160(0) 

fcAIFR SfP -LIFF SUPPCBT 

?c.oc 

4U174C 170)00 

OLMP NCZ7Lt-LiRlNc 

10.00 

4C184C18CC00 

INSTR 4 CrMRt:LS V»ASft 

10. CO 

40194019Cr0C 

SMPRE UtT SENR-FLT/PIC 

4.00 

4020402001 C: 

SMPKfc OFT SESR-RAV Al 

4.00 

402040200203 

SRPKF OFT SNSR-HAY A2 

4.00 

402040200300 

SR0K6 DtT SNSk-BAY AT 

4. CO 

4C2C402004C0 

SPOKE CtftCUCN ALA«P 

e.c 

40210C00 

FLASH EVAPCRAICR HTR =l 

Tie. 00 

40270100 

f* ASH fcVAt>rRAlCR HTP =7 

310.00 

40270200 

FLASH EVAPcRAfCR FL =l 

8.0C 

40280100 

FLASH FVAPfRATCR FL =7 

0.00 

40280200 

FKFCN PCPP LP 1-A/B ASC 

500.00 

402901 00 

FRFCN ' ''P LP l-A/B 6 PL 

420.00 

4029CI 10 

FKCCN LP 1-A/F « PL 

4fcC.ee 

4C290I2J 

FKLCN PUYC. ! P P-A/H ASf. 

SCO. 00 

40290203 

FkIF^N PUPP LP ?-A/H 6 PL 

420.ee 

4C2902I0 

FRfCN PUF’ IP 7-A/H fl PL 

46C.C 

40290220 

SPACE PAPIAICH SYSTFP -1 

1C. 00 

40 3001 CO 

S' ACF RAniarnR systeh -2 

10.00 

4030^,- 00 

AFFCMA Pi lLEW SYS1FV 

12.50 

403101 00 

AFKCMA PLiLFR SYSTEF =7 

12.50 

4031C2LC 

fREGN BYPASS CCNTRCL =l 

6.00 

4C320IC0 

FRECN bypass CCNTROL =7 

6.00 

40 32 0?Cu 

DIVERTER valve =l 

19.50 

40330100 

nivEPrrw valve -? 

19.50 

40330203 

LCG C( ncAM PUHP =l 

0.00 

4034CiC3 

LCr, CrCLAM PCMP =7 

C.OO 

403402C3 

FKfCN PRCPCK valve *l 

67.ee 

403501 00 

FKECN PRCPCR valve -2 

67.ee 

403502C0 
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TABLE 7.:-2 (Continued) 


• ^U.TLE SUBSYSTEM ELEME 

:;t code a\’d prime 

PCKCSR LISTING 

S ItSSYSTEM : HYDRAULICS 

POWER SYSTEM 

CODE 50 

ELEMENT NAME 

S/S WATTS 

ELEMENT CODE 

LO EXTENL VALVE 

2C.00 

5CCl50C10f 00 

f^AIN LLt. l.CAR UPLK VL 

2C.C0 

50020100 

main log gear UPLK VL =2 

20. CO 

50020200 

PAIN LEG f.EAR UPLK VL =3 

20.00 

50020300 

PAIN LOG GEAR UPLK VL 

20.00 

50020A00 

leg gear ELPP VlV 

20. CC 

50030100 

LEG GEAR CUPP VLV 

20.00 

50030200 

LEG Gear cupp vlv -3 

20,00 

500303C0 

LG RFTRACr CIRC VLV 

20.00 

500A0CC0 

REULNCANT S/r valve =l 

2C.00 

5005CIC0 

REULNCAM S/C VALVE ~2 

20.00 

50050200 

MAIN PUMP =1 CEPRES VLV 

26.00 

50060100 

PAIN P'JPP =2 EEPRES VLV 

26.00 

50060200 

PAIN PLPP =3 CEPRES VLV 

26 . 00 

50060300 

CIRC POTCR PUMP =l 

1561.0 

50C701 00 

CICH PUTCR PUMP =2 

1561.0 

50070200 

CItR POTGR PUMP =3 

1561.0 

50070300 

RtSvniR =l VCLUPE SENSOR 

8.00 

500801 CO 

RESVOIR =2 VCLUPE SENSOR 

8.00 

5CC80200 

RESvniP ^3 vclume sensor 

8.00 

50080300 

SSPE =1 SYS S/C VALVE 

20. GO 

500901C0 

SSPE ^7 SYS S/C VALVE 

20.00 

50C90200 

SSPE =3 SYS S/n VALVE 

20.00 

50090300 

LI ELEVEN ETR PKT =l/=2 

50.00 

5C1C0100 

LC ELEVEN HTR fiK I =l/ = 7 

50.00 

5CIOC2CO 

Rl ELEVEN HTR BK T =1/^2 

50.00 

501O03C0 

RE ELEVEN HIP BKT =!/=? 

5C.OO 

50i00AC0 

UYORALLICS CCNTINUtO 


50100901 

H2E BL ILER =1 SIP S/C VL 

2C.Q0 

5O1101C0 

H2n bl HER =2 STP S/C VL 

20. CO 

501102U0 

H2P BflLER =3 SIP S/C VL 

2C.C0 

50110300 

H?n BEILER =1 XFEK VLV 

5C.00 

501201 CO 

H?U BCILER =2 XFER VLV 

50.00 

50120200 

M/C BLILEK =3 XFER VLV 

50.00 

50120300 

H/t: RCLR -1 THRP CNTL VL 

20.00 

5C130100 

H20 HlLR =? THRP CNTL Vu 

?c.oo 

5C130200 

H?0 fiCLR =3 IHRP CNTL VL 

20.00 

50130300 

H2E, BCILER =l ELECT CENT 

7.00 

501A0IC0 

H?G BCILER =2 ELECT CENT 

7. CO 

501A0200 

H2C BCILER =3 ELECT CENT 

7.CC 

501A0.300 

H2C BCILLP =1 HEATER 

ICO. 00 

5C15CIC0 

H2r, "LILER -2 HEATER 

ICC. 00 

501502C0 

M2f> BCILER -3 HEATER 

ICC. 00 

5015C3C0 

H2f' RriLE" CTV gage 

5.0 

501601C3 
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TABLE 7,3-2 (Continued) 


SHUriLF. S'JBSYSTEM ELF.:-IENT CODE AND PRIME POWER LISTING 
StmSYSTEM: HYDRAULICS POWER SYSTEM (CONTINUED) CODE 50 

ELEMENT NAME S/S WATTS ELEtffiNT CODE 


I I 1 < 7 CTY 

Mu’i: -3 CTY GAGt 

fclFVCN ACI SV. VLV PCS 
l>U'/SrDRRK act VL pcs =l 
KU./SPCI''^K ACT VL PCS -2 

Tvc ACT sv» VLV pns 

HfcSVR LfW LEVEL INC 

KeSVR LCW LEVEL INF. 

rtt SVrt -T LCW LEVEL INC 

ITUiYKLAP PTR I HTR =l/ = 2 

HCLYFLAP PTR 2 HT« =I/=? 
RLL1YFLAP PTR T HTR =1/-^2 
:^AIN PtMP -I HTR - =l/ = 2 
MAIN FLiMP =2 HTR - =l/ = 2 


HAIN FUMP 

HIR - 

- = 

l/ = 2 

RUCCE'* 

SORRRK 

PTR 

= l 

HTR 

RtCCER 

SPCPRK 

MTR 

-7 

HTR 

RtDCER 

SPQRRK 

MTR 


HTR 

RLUCEH 

SPLPRK 

MTR 

= <» 

HTR 

RtOCER 

*;pi;eRK 

MTR 

= 5 

HTR 

RtnCEH 

SPUPRK 

MTR 

= 6 

HTR 

S’. ME ^1 

HVCR 

t SOL 

VALVE 

SSMf =? 

hv!;r 

I SOL 

VALVE 

SSKE ^3 

T VCR 

f SCL 

VALVE 


5.0 

501602C0 

5.0 

5G16C3CC 

1.00 

50170C00 

l.O 

5ClbC100 

l.O 

501802C0 

1.00 

5&19CC00 

2.0 

501 90901 

2.0 

502002UU 

2.0 

5C200300 

5C-C0 

50220100 

5C.CC 

50220200 

5C.00 

50220300 

25.00 

50240100 

25. CO 

50240200 

25.00 

5C240300 

50.00 

5C250100 

5C.C0 

50250200 

50.00 

502503CO 

50.00 

50250400 

50.00 

50250500 

50.00 

50250t.00 

ec.co 

50260100 

80.00 

502602C0 

ec.co 

50260300 
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TABLE 7.3-2 (Continued) 


i M'J'I.Ii: SUBSYSTEM ELEMENT CODE AKD PRIME PO^VEF; LISTING 
SI liSYSTKM; DOCKING AND CARGO HANDLING CODE f 

ELEMENI NA*-IE S/S WATTS ELEMENT CODE 


‘'AN! PLLATrP 
^'ANlP LtPirV t RlVt 
MANIP HI Tr-M LATCH HR IVf 
PL BAY r CUP RbT LCH CRVF 
YFLP TLNNfL FXT/RET CP I 
<n P ilknll fxt/ret cr ? 

Xt tw ItNMtL I Tf.H CRVE =1 

xr t-p ilnnll ltch npvE =2 
PRL CIRCLN LATCH URIVt 
PRC CtNTEP LINE LTCH L'R 
RAr.lATfR RET LATCH DRIVE 
RAUIATCR CEPLEV DRIVE 
REND/ SFN'.CH HfPL LR =l 
KLNCZ SEKiCH f'FPL IR =2 
MANIP r.NTL INIRFACt UNIT 


1 / T 

Li Ml 

LH 

rcfJR 

DRIVE 

F/ T 

UM* 

LH 

LCLR 

LATCH 

r/T 

UMR 

Wh 

ITCH 

DR IVE 

t /T 

URR 


1 rn» 

LATCH 


INCC.CO 

blOlOCCO 

16C.C0 

31020000 

6C.G0 

51O3OCC0 

60. CO 

51050C00 

2CC.C0 

51060100 

2CC.00 

510602C0 

lAO.OO 

51070100 

1 A C • CO 

510702CJ 

1 AO.CC 

510800C0 

220. CC 

51C9CCC0 

60.00 

51ICCCC0 

lb. 00 

51110CC0 

2CC.03 

51120100 

2CC.C0 

51 120200 

1 l.CO 

5UA511A0CC0 

2C0.C0 

51 IbOOOO 

2C0.C0 

31 1651 160LOO 

2CC.C0 

51 170C00 

2CC.00 

51180CC0 



TABLE 7,3-2 (Continued) 


SHUTTLE SUBSYSTEM ELEMENT CODE AND PRIME PCMiER LISTING 
SUBSYSTEM: MECHANICAL SYSTEM AND LANDING CODE 52 


ELEMENT N^*■1E 

S/S WATTS 

ELEMENT CODE 

U>Kfc S/V RUU 

IS. 00 

52010C00 

‘^UO/SFD BKKE S/V 

15.00 

52O2OCO0 

SIARTPACKER DCCR DRIVE 

?C0.00 

520A0000 

KCS TCP OCCR ACT 

200.00 

52050000 

PCS If- SICE OCCR ACT 

2C0.C0 

52060000 

RCS RH SIDE OCCR ACT 

?C0.00 

52070000 

LAUACh URR LH OCCR CR 

2C0.00 

520800CO 

LAUNCH UR»' RH OCCR CR 

200.00 

52100000 

f’/L BAY KH UR DRIVE 

AGO. 00 

52160000 

P/L BAY LH CR ORIVE 

AGO. 00 

52170000 

>.N*C PRCBE ACT LH-A-T 

5.00 

52180000 

IA*C PRDPE ACT RH-A-T 

5. 00 

52200000 

N( SE WHEEL STEERING UNIT 

1C. 00 

52260000 

BRAKE/SKIC PCWER SYS 

lAO.OO 

52270000 

r,N + C PRCEE HEATERS 

IICO.OO 

52300000 

VENT LCPR RCTCRS 

10.00 

523252 320000 

VfNT rCCR RCTCPS 

ICO. 00 

523352330000 

VFNI i;ccR rctcrs 

20.00 

523A523A0000 

VFM rOCR RTR PL BAY WNG 

ICC. 00 

523552350000 
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APPENDIX 7,4 


SAMPLE SET OF USER LOAD EI^MEMT DATA SHEETS 
(GENERATED FROM VENDOR INFORMATION BY RI/JSC) 


7.4.0 


V 




MuirJ^er 

Momally Opeating 


Mnl/unction volla<»c* 
limit (volts) 00 


Duly Cycle 



Input voltage 
Convener 


JSC Engineer 


Power Requirements 
DC Load 


o 


Nc.T.inal Power (Watts) 
Moc.- ' of Cperr t;on 


Calculated 

or 

Estimated 

Va1v>e 

Spec. 

Value 

Tost 

Value 

Remarks 

0 

1 

3,/2^ 



24 voltn at load inlrrrfnc«J ; 

-'’i 7 


■ " 

ZH volts Al load inicrfjicu .. ! 
~^Z volts at load interface 1 - 

. . - i 

2. 3-/ 



0 .. 



■ - - t 

Amp.s j 

I 

Time in miliseconds . 1 

0 



.arv'T'-- 1 



Max 

Min 




3 2^ 'J' 


1 

M.nx 

xf<- 


i 

i 

^ 

Min 

Periodic | 
Aperiodic 1 

mtm !•« 

Yes 1 

No i 

1 1 Percent "on" % 

« 

„1 . Perif.fi of Cycle 

Indicate units if other 
than minutes 

Converted to 
S Volt.1 

. Frequency 4 .oMi^#Smm 

— ■ AC ca °<= iz3 

' 


yy^rr'-^- TABLE I . ' Date 


3Mns013?.'3| ■ aova L— i-I-J i J 1 | ZOO-i^ooOsiK 
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S ubsy s terr? 

Equipment N’o . ? -• ::~> ■ 

E<|u»f>rricnf TifTc Poitt 


. Power Requirements 


iluntber in 


P .1 ra meter 


^ Average (steady 

state) conl;nuov»s 
p duty 

t 

Peak transient^--, 
g and duration ( ^ ) 


Number 

.’.’onnany Cpeating 



Range 


Load 1 


Mali'unction voltage 
)irr»>t (volts) 


•• . 

^ f N-\-* ^ \ 


Duly Cycle 


Inpvjt volragt! 
CofNVer • e r 


DC Load 




Caicv.islcn S;>cc. 
or Value 

Estimated 

V;> ivi o ________ 

^r_-Z ’ 


Test 

Value 



Periodic }'*>! } 
Aperiodic L__I 

Yes I I 

No 1 ~^ } 


Nominal Power (Ir/atts) «aa 
Mode of Operation 

Remarks 

2d volt 3 at I o a d i ntert' a c*; _ 
2S volts at Ioa<? infcrl’aco 


32 volts at loa«I interface 


Amps 


Time in miliscconds 





Percent **on** f o <J % Indicate units if other 

than minutes 

Period of C ycle 

Converted to 
Volts 


r requenc y I 

AC n DC I171 I 














^ Average (steady 

stjle) continuous 
p duty 


B 

R 

E 

S 



Peak transient, 
and duration ( 


Input voltage 
Converter 
















RKPRODUCIBILITY OP THE 
ORIGINAL PAGE K POOR 


.. , Power Requirements I I j 

Subsyste.T ; c:?N1^ (2. • i n 2i/ ^ 

Equip=:ent .N0._j.aii.i___. DC L(.i<l Pov.'er (WJtts) 

E<iuip'r.=r>r Title T'.e.t^TgA/ p-nt-t-gj . ■ ,, Mode ol Operation ^ 


y Coeratin 


Pa rameler 


Averase (steady 
srale) continuous 
duty 


f^cak transient 
and duration ( 


Load Ra 


insieni^- — . . 

ilion Qi/ 


nge (J), 


Malfunction’ voUaj^c 
Iim*t (voltf?) 00 


Duty Cycle 


Input voUage 
Corxvcri e r 


Calculai(»n 

or 

Esti'.riatofJ 



c, 

I Test 

ue 

Value 



Periodic I / I 
Aperiodic CII 


Remarks 


2 vc! 1 3 j\ J 9 ad int* rt.t^n 

2 kTo 1 1 .s_a : _lj2a f 1 i : > !_e!‘ Cjj 

32 voits at load interface 


Time- in miJiseconds 


Max , 

V 

N't i n 


Max 

Min 


percent % Indicate units xf other 

tJian minutes 

Period of C ycle . __ 

Converted to 

Volls__ 

r r eoufeiic V 

AC a DC i:n | 


JSC Engineer 


I' 31'fisoiD:.';!* 1 : i i — •— j — I- — I e jd-:-(joo.-;iv 















Ku.'noer 


.N’ormally Operatin 


)im*t (volts) 


Duty Cycle 


Input volfage 
Convert € r 


JSC Engineer.-^. 


- // 


Ts^ 


Periodic ED Percent "on" ' 

Aperiodic L — J I’nriod of Cycle 


% ! Indicate units if orher 
1 tlian minules 


Converlcd to 

Volts_ 

Frequency 
AC o DC i:3| 


TABLE I 




RFPRODUCIBILITY OF THE ORIGINAL PAGE IS PCOR. 












ilumber in 
System 
z. 


Subsys tern £’^isS ' ' ■ 
Equipment No. 

Equipment’ Title 


Pa ramelcr 


Average (steady 
Stale) continuous 
duty 

Peak transient,.—^ 
and duration 


Power Requirements o 
DC Load 



i’iuirber 

.■formally Opeating 

/ 



Load Range 


©• 


Malfunction voltage 
limit (volts) 


Input voltage 
Convei’1 e r 


Calculated Spec. 
Qj. Value 

Estimated 

Value . 

mzin.'^zizi 


Tost 

Value 


Nominal Power (Watts) . 

. Mode of Operation 

* 

Remarks 

I 2/} vo l 1 3_ajJo.vl interla ce 
ZH volts at Inad 
32"voUs at ioa<l iixtcrfaco 

Amps 

Time in miliseconds 



Max I 

1 ^ 


Niin 1 




TBb 


mb 

Periodic Qj Percent "on» /(TD % Indicate units if orhe: 

than minutes 

Aperiodic C^l . Period of C ycle 

Converted to 

Yes [| I Volls__ 

I 1 Frequency 

No 1x1 AC O DC !:□ 


JSC Enginee r b-- VJ. TABLE 1 


RFP90DUCIBILITY OF THE ORIGINAL PAGE IS POOR 





Number 

lormally Opeating 




Pa ramclcr 

1 

1 

A 

M 

P 

E 
R 
B 
■ S 

Average (steady 
State) continuous 
duty 

f’c.ak transicn 
and duration 1 



Load Range ( 

0-- 


M.1 t/unct ion voUa;*c 
lim t (volts) 

Duly Cycle 


Input volfagft 
CofNverte r 


OSC Engineer 




Caicv.lalftd Spec, 
or Value 

Estimated 
Va )ue 


Test 

Value 


a : 


AA- 


ito 

■no 


R emar 


<1 voUs al loa'’ int^rlac* 


Zn volts at loan inlcri.icc 


32 volts at load inlcriaco 


/tmps 

Time in miliseconds 


M.ax 

Min 


Max 

Min 


Periodic | t»^| Percent *'on" /ot) % Indicate units if other 

p— ' than minutes 

_Aperiodicl — I Period of C ycle ^ I 

’•I i MAWtt/^u 

Yes IZJ Volts I 08 OUXTO 

NO ii?T Ic‘'E)’'-dci:si 


TABLE I 
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VOLTAGE 



> 


Ui 

O 


lU 

cc 

c: 

z> 

a 


Figure A 

PCI 5 Transient Response 
to Step Load Change 


VOLTAGE OUTPUT 



Figure B PC 17 Po*.vcrp!ant Impedance 


Figure C’ 

PCI 7 Short Circuit 
Capabijity 


to 1 IK lOK lOOK 

FREQUENCY ^HZ 



(REPRODUCED FROM PRATT AND WHITNEY AIRCRAFT DATA) 
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APPENDIX 7.5 


PROCUREMENT SPECIFICATIONS FOR CRITICAL EPDC ELEMQJTS 
(DOCUtffiNTS GENERATED BY ROCKWELL INTERNATIONAL) 


7.5,0 












NUMOeR 

«tvisiON L£r:t R 


2 

i:C4‘»5-00l2 

“ro T' r:T-ir 


1. SCOPE * 

Hits 8|>ccif icAtion cst«nhlishos the pcrfornnncc. dcvelopncnt And verification 

requirements for a sincIe*-pUAr>c nodular inverter referred to herein ar> the inverter. 

Sellcr *s Equ ipne nt Internal Dcsinn. Except as otUcn.»tsc specified the require- 
cicnts of this spcciiication arc not intended Co restrict invertor internal design 
except for those areas necessary for conpatibility trlth the design requirenents 
specified herein* 

1,2 Sub-Tier Supplier Controls V.licre necessary to neet the requirenents of this 
specification, the seller shall impose this specification on sub-tier suppliers with 
design responsibility* 

2* APracABu: nocuirnrrs 

Hie follcn/lng docur.crtf; of the c::act issue shorn fom a part of this specification 
to the extent specified herein. In tlic event of a conflict betmeon the dociircnts 
referenced herein and the content of this specif icaticn, the content of this specif ica« 
tion shall take precedence* 

SPKCIFIGVriC!;S 

, - - % * 

Federal 

miitary 


nik n-50S7C(2) 
31 August 1970 

niL-C-53AlB(l) 
30 June 1970 


bonding. Electrical r.nd Lightning Protection, 
for Aerospace Syr.tcrs 

.-Oienical Conversion Coatings on Aluninun and 
Aluninun Allov 


niL-C-7073B 
5 December 1969 

ffIL-C-83723 
26 March 1965 

MIL-I-26C60B 
17 May 1972 

M1L-I-27273AO) 
3 June 1965 


Cable, Electrical, Aorospnee Vehicle, General 
Specification for 

Connector, Electric, Circular, Environrent 
Resisting, Ccnoral Specification for 

Indicator, llunidity. Plug, Color Change 


•Inverter, Pov»ci», Statil:, General Specification 
for 


MIL-U-ai381 

19 October 1966 

% 

MASA/JSC 


V.’irc, Electric, ralyirldc Insulation, Copper 
and Copper Alloy* ’ 

/ * 


MSC-Spcc-Q-lA 
October 1967 


Crinping of Electrical Connections, requirements 

for 


i ^ *M M r.l M - 


.5-2 











:tC4l4-0148C 
23 March 1966 


MC999-0096B 
6 July 1973 


!!F0004-002A 
U July 1973 


:trooo4-oo6 

27 July 1973 


MF0004-100 
31 July 1973 


;:F0004-400 
25 July 1973 


STAICDAUDS 



Federal 

F£D-STD-101B(Z) 
8 October 1971 


Military 


MIL-STD-12C(1) 

1 February 1971 

MIL-STD-129E(6) 
10 April 1972 


MIL-STD-130D(1) 
30 July’ 1971 


M1L-STD-143B 
12 b'uvfcmbcr 1969 


I 


Connector, Receptacle, Eleeprical 


Materials and Processes Control and Verification 
Systen for Space Shuttle Prograo Suppliers and 
Sid>contr actors 

Electrical Design Requlrcntents for Electrical 
Equipc'.ent Utilized on the Space Shuttle Vehicle 

Instrumentation Requirements for Suppliers and 
Sub-contractors for the Space Shuttle Prograa 

Mechanical Otbiter Project Parts List 


Electrical, Electronic and -Clcctronicchanical (EEE) 
Orbiter Project Parts List 


Preservation, Pachag^ng, ancK Packing Materials: 
Test Procedures 


Abbreviations for Use on Dr.wings, Specifications, 
Standards and in Technical Docuruints 

. * 

Marking for Shlpccnt and Storage 


Identification "^rjafi^' of U. S. Military 
Property 

Standards and Specifications, Order of 
Precedence for Selection of 



f M |j|*M 


ifi.v |»70 
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mL-STI)-202D 
14 April 1969 

HIL-STD-280 
7 July 1969 

taL-STD-461A 
1 August 1968 
and Shuttle 
Ancndmcnt 
4 June 1973 

IIIL-STD-740 
6 July 1964 

ltIL-STD-794C(l) • 

18 February 1972 

mL-STD-810B(4) 

21 Septenber 1970 

SAn Aerospace Stam!nrd 

AS1212 

Dcccribcr 1971 

f 

OTHEH PinLICAIIO:4S 
Handbooks 
DODHA-1 

Latest Hcvlsion 

MIB5300.4(3A) 
liny 1008 

nnnoooo^KiA) 
l)c ccr.be r 1969 


Test I'ethrds for Electronic and Electrical 
Conponent Parts ^ 

Definitions of I ten Levels » Itens Exchnn|^e» 
Models Ueinted Itens 

Elect rornnnctlc Ivitcrfcrcncc diarnctcristics, 
rxquirments for Equipnent 


Kolse I'eastircncnts of Shipboard ttachlnery an"! 
Equlprcnt 

Parts ."ind Equiprcnt» Procedure f * Packaging 

and Packing of 

Envlronncnttil Test !!cthods 


Electrical Poi:er, Aircraft, Cliarnctcristlcs and 
Utilization of 


Federal Supply Code for Manufacturers* Mane to 
Code 

Pequirenents for Soldered Electrical 
Connections 

Itequirenonts for Pad.nglng, Handling, and 
Transportation for Aoronr.utical and Space 
Systens Equlprcnt and AsHOcinted Cenpenonts 


• ^ 


« OMM M f J» II J HI.V ^ /O 
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h- 1 


L. 

••CA05-0012 

L.L 

1 1 1 1 II 1 — i- 


3. REQUlREtlKiTS 

3.1 lte« Reflnitlon * » 

■ - •* 

3.1.1 Itcn D l.tf.riW. Ftgure 1 Isj tlu* r.r:;cr.nlc bK'i-k di.‘icr«‘'n showing the function of 
the Invertor .i.5t-<!nblcil an a three-phase array Ir t v electrical power tliscrlbutlon and 
control sub-systca. 

3.1.2 Interface Definition 

3. 1.2.1 Envclrpc. Tlio inverter envelope and Its .‘ittachaent provisions shall not 
exceed the dinensions shmm In Figure 2. 

3.1. 2.2 liountluf ;, Tlie uountinn nrovistrnn of the ♦nverter shall be as shovm In 
Figure 3 and in .accord.ancc with the rerjuircrents of paragraph 3.2.S.2.C.2. 


3.1.2. 3 Weight. Tlic inverter shall h.nve a naxltuan trelght of (Tnp) pounds* 

3. 1.2. A Cooling 


3. 1.2. A. 1 Coldplatc Cooling. The inverter shall be designed for conduction cooling 
by contact with the nounting surface. <‘n alunimm reunting suriticc will be provided 
in the spacecraft hy the buyer. Tlic nounting surface will have a contact area .of not 
less than TED square inches. The spacecraft nounting surface i?lll nalntain the 
inverter b.ascplatc at the following tcrper.aturcs by coolant flesf for rated Inverter 
loads : 


Tenperaturo 

Condition 


Inverter Surface ^ Inv. Surf.nce 

Tenp. Above Tulct Tcop. Above Cutlet 


U) 


ttaxinun 


120 F (ttaxJnum) 


140 •»> 2 F 


(b) lllninun 35 + 2 F 55 ♦ 2 F 

3. 1.2. 4. 2 H eat Flux, heat flux loading shall be .if.anged to^t.nUc taxlnun adv.-.ntagc 
of the coldjilatc teriporaturc dir.tributicn. Ttie naxit.'.:n heat flux in any local 
inverter .surface area shall be sho^m by calculation i.ot to exceed T'*n watts per squ.ire 
inch. Tlieri'.nl conductance between the inverter baseplate and the r.oTdplatc nounting 
surface shall bn 500 ETU per hour per square foot per degree F, ninit'iun. 


3. 1.2. A. 3 Cool ing Su rfa ce F inish. The Inverter baseplate shall have a surface finish 
of 63 nicro-inches PJ!.'! and a fiatneaa deviation of not nore tlian 0,010 inch tot.al 
indicated run-oiit. The baseplate -shall hi: neasured for flatness t?hcn bolted to a test 
plate t?ith 0.25“J»ch bolts torqned to ?0 plus or nitjua 5 inr.h-pounda . Pepth gage 
mcasiircnentn shall Indicate the flatness of the inverter baseplate through each cf 
TTJ-n holes in the test pinto. Tlio test plate u.scd shall he nitually r.ccoptablc to the' 
Seller and the Buyer. * 



I 
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CODE H •:ht. ho. 039S3 


NUMRER 

.wtViSiOH ttlTHR 

»*ACC 6 

n 


ZE-i_iznruziz 

1 


3*1«2.S Trr pcrnturc S ou ror. Tlic inverter slinll incorporntc a transducer In 
Accorct«*ince uitli sped* iention MrUOOA-006 v.hich .shall provide nn electrical slr»nal 
proportional to th.c inverter internal terpernture, Tlie trraisduccr shall consist of a 
resistance vire wound sensor tfltli the following characteristics: SOO ohms 2 percent 

at 75 degrees,?; 455 ohns 2 percent at 32 degrees T; ami 650 ohns +2 percent at 
248 degrees F. Tlic transducer shall he located within the inverter to indicate 
excessive inverter tenperature in the event of ir.pending failure due to a cialfunction 
or overload. 

3.1.2 .6 Scaling . The inverter shall be designed to seal those portions of the 
circuit that uili burn* spark or outgas because of electrical overload or short 
circuit. 

areas of the Inverter exposed to cxtern*nl environrents, except 
coldplatc noting surfaces, nancpl. *#* and connectorr. shall be chen-filred per 
ltlL-C-5541, Class lA. 

3.1.2.8 V ibration Isolation. The inverter shall be designed so that external vibra- 
tion isolators arc not required. | 

3.1.2.9 electrical Connectors. The electrical connectors used for the inverter ! 

outputs shall be r.ut inlly acceptable to the Tuyer r.:u! the Seller and shall be governed | 
by MK0004-4C0, Orbitcr project parts lint and the tollowing: ' j 

I 

a. Keyed cylindrical (preferably bayrnct locking) configurations per !!IL-C-83723 

shall be utilized, if possible. | 

b. In application.^ where tlie ltIL-C-o3V23 bayonet style cannot be used due to vire | 

g.iugc iinitatiens, threaded coupling designs nay be crployed. Oliver .approval . 

is required prior to usage. ' j 

' i 

c. Rectangular connectors .shall be per Tuyer specification !^C414-0148 and way be ; 

cr.ployed in whose applic.auions where cyliiu’vlcal connectors will not allow 
sufficient wire pcn.ctr-»tion. buyer approval is required prior to usage. * 

d. Ti\c inverter connector shall be rounted on the front panel. ! 

i 

c. Socket contact arrangenents shall be used- as the ’*hot" or energized half when a 

connection is bro!;cn. \ 

\ 

f. Coimcator keys shall bo designed sudi that engagenent of the keys occurs prior 

to engagenent of the contacts. j 

4 I 

3.1 .2.9.1 Keywr/ la" • connf'ct'^r (s) tiic inverter sba-ll bn oriented so thr* * 

the nantcr (lari^csi.) \y/ i:- ioc/ted .«l l. c tep* c* r.:t.*rliwo por.iiinn cn t:he conn'^ctor. 

Tho Connector iU'awv/ clocking shall bo rhf*.m on the Seller’s drav;ing cf thu Inverter 
envelope. -r 

’ ' ' ■' I 

3.1.2.10 Connections. Tl»c design of Input and output connectlcn.s .shall be r.uttially 
acceptable to t!:u liuyor end the: Seller. Klcctrical crnncclorr. s!iall be per para- i 

graph 3. 1.2.9. Vtio connection.^ required arc an follows; P-C plus, D-C i.inufj, A-C ; 

p!!n:;c output, /vC lun.traJ , tva for the invertor terpernturc transducer output , o\cr- 
1), I /roumh;.;; 1. /.il, * ‘ f *. output, pha::c synH^rop tr.r.t ’* en 

nignal input, and central tilling signal rt.puc. 


t nupA M m -M 5 * V 2*?0 
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PRQpUaBll.llY OP THP OKK.INAi PAC,t IS POOR. 


CVtStON Lcittil 


3«1.2tl0.l !!cf:. itlvg :;Atttrnl Cc!;nrcP The ili rcct-currrnt nrp^nMvo rntl 

the altcteatinL current outjMit r.cutrAl c*v.\i\cctious in the Inverter Minll bo isolntcd 
fron the inverter chnssli nnd fron each Ovher. • ^ i 

3.X.2.1I Ad1ur>tr ent* Ttic Inverter shall require no external adjustrent for voltar.*^ 
or frequency rcnulntion. rrovinica shall be ratio for internal voltage adjustrent of 
plus or ninus 2 .volts of the nertlual li!V'-to-r*'titrnl ac voltage by selection of f^Kcd 
conponents* Mo provisions for adjustrent of frequency shall be natle. Potentioretets 
or slidinc contacts of any typo shall not be incorporated in the inverter dcsicn. 

3.1.2.12 Klectric a l Pou-er CUarecteri sties . Tlic electrical po^;^r characteristics of 
the inverter interface shall conply \»ith the rcquircrents of iIF000A-0G2 and ns 
follCH^s: 

3.1. 2. 12.1 7nput Poorer. The Input volta[;o nhnJl he 2CV dc neninai, tt;o wire, 
structure ijround. Steady state input voltanc llrits shall he 2A to 32 volts dc« 

Source dynanlc injuulanco shall be c\.v\n at jpn !!/.. Tltc <!c transient lirdts Sliall 

be in accordance t-’ith I!r0r0/-002. ruri;.,^ clcady-str.te DC operation the ripple voltac.e 
about the renu level of the b-C volcano Ltl.ail be four volts pcah-to-pcak or less over 
the frequency ranne per AS-^lllZ. The invertor shall switch off at an input voltage 
TBI) volts or lov.»er and shall turn on at TBI) valts jjO.5 volts. 

3.1.2.12.1.1 Voltape Spi!:os. Short duration cpitccs at the dc Input terminals of the 
inverter shall not exceed tb.e values specified in .:li--SXD^A61 para;;raph 6.9. 

3. 1*2.12. 1.2 Lo.n s of I nput Porcr. Inntantancous ronoval of Input pc*.;cr t;hlle the 
inverter ic operatinc shall cause no dara^e or dc^;rndation to the inverter. 

3.1.2.12.2 I nverter rcedha ck 

3.1.2.12.2.1 nipple Current. Tl^c rlppln current induced on the dc power b\:n by the 
inverter shall not extend t!;a linit*; of Sp.icc Shuttle Ar.cncir.ent to l'lI.-Sr>A61 
under any cor.binatlon of lead ranj*lnr. fron no load to 750 va; of input volta^jc 
ranging fron 26 to 32 vnlts dc, or pcT?or factor raa-lvg from 0.7 lag<';lng to 

0.9 leading including unity. 

3.1.2.12.2.2 Sb^rt duration vo3ta;;r* '^pih^s induced on the dc bus by 
the inverter shall net cxcA.cd the valuc,^ ;,peciflcd in :;ih-S’lD-A61, paragraph 6.9. 

3.1.2. 12.3 Inver te r _In-n: wh Ctirrani:. In-rin!i current at t :rn-on at 32 volts dc 

and under all cor hi nations of line, load and cnviranrr:nt shall not exceed jr»^ aipcrcs 
at O.TJ'D ohn source inpcdancc in series n*lnh TPJl I'irrohenricr and shall stal)ili?.c to 
within 10 percent of nornal within 100 rillisecondn. 

3. 1.2 *12 .6 Invert er Ou tput^ Thu Inverter slmll have a sinp.lc-pliasc tt;o*'V7lrc outptit 
with the outptit voitaj;e and frcauency In a c cor derate .;ith paragraphs 3.2.1.I.5 ard 
3 .2.1.1 .7 respect \v,*3 y . tfir: fnvert:* r is coiun/f d to Lvo other i!ivi*rters the 

co;.bine ! cutptit thaiJ Ihjrri a 113/200 volt, 600 Vz rb.r .-pl a .c, 6-wirc con-.m* d 
.assionbly fated at 2230 va at powet* factors rang^n;;*fi *n 0.7 Jagging to 0.9 leading 
including unity power factor. 
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fliort firciii t Senslt.r > Current sensinr. cMulitioninr* circuitry sluill be 
incorporatcu in tho iiivortcr to ccrplctc a 2C volt tie circuit cr.ccrnnl to the inverter 
under the follovinj* coaditionn. h1:cn the inverter is in;bjrrtcd to nii ovcrli'nc! of 
225 percent of twted current for 15 seconds 4l second, *r.ul to 300 + 30 percent of 
rated output current for a dur»*ition of 5 seconds plus or ninis one second, the inverter 
shall cause a (jroundinn slcnnl (rcfcrcncti! to the dc nrgntivc tcrninal) to be applied 
to the overload sif,nal output terrinal of the inverter. The device used to complete 
the circuit nust be capable of carr>-ing a relay coil current of 0.2 arpcrcs at 2S;0 vdc 
and a light bulb load of O.OAO nnnercs at 28 vdc. A **push-to-tcst” sn:itch shall be 
incorporated on the inverter to verify continuity fren the inverter overload indication 
signal to the warning light in the cabin* 

3.1.2.12.6 Sirtelc- rhas e ItalMTavc Lo ad Cap a bilit y. The Inverter shall have a half- 
wave, singic^phar.c load applied uiuler t:ie following conditions: 

a. A resistive load of 70 ohrs in scries with a ir:ilS7 rectifier, or equivalent, 
while ccatinuing to t:cet tiic pcrfcniancc requiror.cnts specified herein, 

b. A resistive load of 2*5 ohrs in series with o 1!:1I87 rectifier, or equivalent, 
shall activate the short-circuit sensing capability of the Inverter. Tills 
rectifier-resistive load nust be rettoved at the tine the ever load trip signal 
is activated. Upon removal of thin load the output volt.apc shall stabilize to 
within 115 volts plus cr ninus iO pcrcorit within ICO nilliscccrids and transient 
volt.igcs in c::cc5s of 10:* volts peak shall not appear. 

3.1.2.12.7 Vctiici c Interface. Tiio inverter shall croratc within its specification 
Units when connected ta vehicle wiring ••!».ir;i nr?y h.nvc a resistance to ground or 
resistance bettreen adjacent circuits of two ricgoh’ s. . 

3.1.3 Itev. Idoutificntion. Tlic Identlffcaticn of the inverter shall be as follows: 
Uoncnclaturc 


and Hfg. Code 

Buyer's 

SclJcr's 

Traceability 

Ident, llo» 

Control ^'o. 

Part ”o. 

Classification 

Inverter 

1ICA93-O012-0C01 

TH3 

T 




S 

Capacitor 

N/A 

TBS 


Diode 

N/A 

TBS 


Transistor 

Il/A 

TBS 

T 

♦ 



M 

Resistor 

It/A 

- TBS « 


Traiu;ronx’r 

' :i/A 

# 

TBS 

’s 

Connector 

i:/A 

t 

-TBS 

* •* 

% • 


Temperature 

ll/A 

TBS 


Transducer 

n/A 

TBS 


r\c;h-lo Test 

■itH. ;i/A 

TPS 

T 


rOHM M t 
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3.2 qiAKACTrnisTics 

3*2.1 r^rCcmnncc a 

3*2.1. 1 Inverter Perfomnnee 

3*2.1.l.l Insnlatlru ncqi;i t/*ncc. Tlic exterior conf icwi^ation' of the inverter shall 
have in ''.ul at inn prc;jcrticrt to prevent electrical rhoch to porr.onnel. Subsce^uent to 
asscnbly and aay potting; or scaling required, a nininun insulation resist. "nice of 
100 negohns is required bett/een the dc input tcminals and the Inverter ease and the 
ac o tput tcminals and ease at a potential of 100 voles nitiinuo. 

3.2. 1.1*2 Input Pot/cr. Tlie inverter shall ncct all pcrforrancc rcquircrcnts of this 
specif icatiou vlicn operated uitUin the norual steady state dc voltage range specified 
in paragraph 3. 1.2. 12.1. 

3.2.1.1.2.1 Inptit S usceptibility* I*o change in indication, nalfunction, or 
degradatien in pectoniancc shall be protbiccd in the inverter xdicii subjected to the 
dc input ripple specified' in paragraph 3. 1.2. 12*1. Tlie ripple energy placed on the 
dc bus by ttio inverter shall not be considered as part of the ripple energy for 
susceptibility. 

3.2*1*1*2.2 Input Transients 

3.2. 1*1, 2.2.1 !:orral Electrical 5lystor C.'cratij:^ Tlic inverter shall operate vithia 
specification requirer^nts *:itIiout degradation uhen ?:»ib jetted to the noxtial condition 
Jc voltage transients specified In paragraph 3*1*2.12.1* 

3.2.1.1..2.2.2 Abno rral Klectrical ry r.tcn rper atif?n* TliC inverter shall not incur 
danage or dcgrafhicinn oi reliability v’.cn subjected to the a!»nonaal couditlcr. dc 
voltage transient Units in ?«arar,raph 3.1.2*12.1 ard :;hall roium to operation vithin 
specification rcquircrcnts tdicn the D-C voltage returns to nornal steady-state 
condition. 


3.2. 1.1. 2.2. 3 Voltage Spihes. The inverter shall operate and shall not incur 
degradation or dan.nge uUv.ix subjected to the voltage spikes specified in 
paragraph 3. 1.2.12. l.l* 

3.2.1. 1*3 ^rrM’p T!nc_. Tlic Inverter shall stabiJlzc to the pcrfornaucc rccui.'cron*:s 
of this speciiicatic;! ulthin one second after turn-on »;:ider all corbinatfrns of lino, 
load and enviroiircnt r.pncificU hernia, Cutput linc-tn-neutral voltage shall be 
115 volts, pju;; or ninus 10 percent I:?tS uichin 100 rill lr.cconds ai'r.cr turn on under .“ill 
corb illations of linc» load and environr^ent specified herein. 

3. 2.1.1. A diclecCrJc withstanding' voltage of t!.e 

inverter rdiali roct the folloi/ing requi repeats J 

a. Kler.trical parts and su!>-aRst;:*»l f pr^^*’“ to l» h.r. '’’irod shall be capable of 
uithsfniuljug an Initial c.lcctiical pnto.ntfal of ijOO volts rns, fiO Uz heUixn 
insulated points and ease withciut electrical bre;'Udou*n. Current flow in c>:ref.s 
of 0.5 cilllianpcrcn or breakdotm shall !>e conside red a failure. Any rxeeptims 
such ns KUI filters, etc., shall he subject to huyer approval. 
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b* Prior to nny scnliug or potting, if rcouirctl, nnd vitli PT suppression enpneitors 
and slnilnr conponcuts disconnected, no break dov/n of the insulation or leakage 
current in ckccsg of one nillianpcre shall occur during a onc-ninutc test in 
uhich 1200 volts rns, GO lls is applied betwou tlic ac output tcrrinals and the 
chassis and during a onc-ninutc test in t/lilch 500 volts rrs, GO Its is applied 
between the dc input pcn.’cr ccrninals and the chassis. 

c* Subsequent to conplctlon of assorbJy wiring ant! any scaling or potting. If 
required, no break dm:n of insulation or leakage current in excess of one 
nillianpcro shall occur during a onc*ninutc test in whidi 750 voles dc shall be 
applied between each output tcminal and chassis and during a one-ninutc test 
in which 400 vdc is applied bct^.’ccn each input power terninal. and chassis. 

3.2. 1.1,5 Output Voltarre Steac?y-Stntc. The steady-state output voltage of the 
inverter shall be 115 plus 3 voles ninus 1 volt rms fron no load to 750 va rated load. 

3.2.I.1.C Output Volta’^c Trv'Misient . Tac inverter output voltage shall rcrain at 
115 volts rns plus or r Lnus 10 percent for any step load or input voltage change 
within the specified Units. Recovery to the stciidy-statc value shall be within 
0.003 seconds. Transient voltages in excess of 195 volts peak shall not appear at 
the output under .any condition. 

3.2. 1.1.7 Output Frcqurncy . Output frcotioucy shall be 400 Uz plus or ninus 2 V.z 
vhcu die inverter is syuciircuiccd to an c::cernal THD plus or ninus TI/I) llz source 
supplied through a pair of twisted, shielded leads. The inverter shall pref:ent a 
natched yiO obns plus or rinus TTip n!ir.s irpedance to t.his signal through an isolation 
traiisforr.cr. The synclirrnir.lng rigual shall be 5.0 plus or ninus 0.5 volts peak 
square ;;avc with rise and/or fall tire no greater tlinn 1 ricrosccond. In t!:c absence 
of this external sig:;al, the inverter frr^:ucncy simII be rnintained at 400 plus cr 
tilniis 7 liz. Tlic synchronizing source shall not receive reverse current fro::» tuc 
inverter. The synchronizing signal shall have a duty cycle of 40 to GO percent 
’*on” tine. 

3.2. 1.1 .3 Out pu t Pother. Hie inverter shall perforn as specified herein under any 
conbination of loads varying from no load to 750 va .uid at power factor ranging fron 
0.7 lagging to 0,9 leading including unity power factor. Mien the inverter is 
connected into a three-phase .assonbly the corbined output rating shall be 2250 va with 
tlic pr/wcr factor rauj^c stated above and \*ith the capability of r.ecting related 
pcrfornr.ncc requi rei unts specified he rain. Also, if anyone of the inverters fail.c 
the renaining v:o inverters :;hall continue to produce tx*o-plir.se output with the 
proper phase displacrrcnt ami phase ccquervcc. Under tb.is condition the output of 
c.ich of the two rct'aiaing inverters shall be within specification Units. 

3. 2. 1.1. 0.1 Ove rlord , U'l cl/ tlic input voltage set .at 24 volts dc, the inverter shall 
be capable of t.;' igiO percent of rated load at rinirtun pox/er factor *’h.r five 

minutes w’hile providing steady «jLatc oulp it voitiJge "in ac<or<!;mce x/it!i parr graph 
3.2. 1.1.3. I;o degradation in reliability chGll be incurred by the inverter as a 
result of this overload. 


3.2. 1.1. 3. 2 Short Clr ruit U aprcir.v, Tlic inverter r.liall conforn to short circuit 
n.np.irity reruirei fnis of sp<rci ficati^ n :'lh-I“27273 except the input sliall he 24 volts 
dc ant! the* iavertoi .hall aut^rMtlcally limit tiic : .v.’irun short circuit output 

-.^0 f- 1) / ti.* d cMiifrot. 
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3.2*l«l«8*3 yot*> r 5^t Arthu r,* A corbiaatton of three iiivcru^rs rhlch forts three- 
j?ha;?o otitput .“.hail be capable of stnrtlni; a 550 vatt rtlninw, cbrcc-phase liit?urtlon 
notor vith a r.tartinn r®'*er factor of no loss than 0.25; and a ACO percent :*.otor 
inrusdi curt^nt, and a 0.75 la^r.inr* ritsminr. poi.*cr factor vhlle carryii^; a balanced 
three-phase 1465 va steady-state load. 

3. 2.1. 1.9 Effici ency. Uith a dc input of 24 to 30 volts saxd pm.*cr factor bett*cca 
0.35 lacclnp* ^^«d 1.0 unity ^ the inverter shall operate at a ninirun of SO percent 
efficiency £ro» half-rated lead to full-rated load. 

3.2.1.1.10 Qt^cratinn Position. Hie inverter shall be capable of operating in «iy 
position. 

3.2.1.1.11 rh nr.c notation, taieh the inverter Is connected to two other inverters 
fto fom a three-phase output the phase rotation shall l>e A-B-C. 

3.2.1.1*12 Pli.as e ntsplacer^nt* l.*hcn the inverter is connected to two other inverters 
to forn thrcc-phanc output, :lu: displaccmmt anp,le hcu.'cen adjac.vat phases shall be 
120* plus or nines 1.3 decrees under conditions frou no load to full load and peuer 
factors fron 0.70 lagging to 0.9 leading including unity power factor with either 
balanced 3-phase lead or with phase unbalance as specified in paragr«ipn 3.2.1.1.13. 

The .angle shall be the relative cisplacci^.nt betw«een the aero vnltcags points on the 
wave foms of the three pb.ases. A phasc-3ocU signal shall be supplied fron or.a 
invertor to the none inverter in the follcviug sequence: plwise A to ph«isc B, phase B 

to phase C .and phase C to phase A. 

3.2. 1. 1*13 rSiaso U:;bal aacn . r.ien the inverter is connected with «.*o other inverters 
to fom a three-phase output, tlio as.-^onbly shall be cap'iblc of supplying unb.i! 
ler. !S and rcetim; pcrfornancc rcqulrcrcnts in accordance with paragr.aph 3.6. B of 
niL-I-27273 and in .addition, shall nect the reqnirerents of p.ar,igrnphs 3.2*1. 1.5, 

3.2. 1*1.7 .ind 3.2.1.1.I2 with no load on one phase and 750 va on each of the other 
t\ro phases. 


3.2.1.1.14 Out put Voltage rr>hi3 atlon. Tie inverter output voltage rodulation shall 
not exceed one percent \*hile operating input pc’.’cr condittms in accordance with 

paragr.iph 3.1.2. 12.1. 


3.2.1.X.15 Output Fr rt^ucncy !*o<hiIatlon. The inverter output frequency rodulation 
shall not exceed 0.5 lia under .any load .and power factor conbin.ation specified herein. 

3*2.1.1*16 ira vefo rn. Tlic line-to-crest f.ictor shall not exceed the lirits of 
1.414 + 10 percent and the oijr;erv..d c?'"..V'C In the crest factor fro.i no load to full 
load at any input' volta:;c shall not exceed 10 pcrcciy:, The« total hamouic content 
shall ?iot exceed 4 percent .and no individual Itarrxmic shall exceed 3 percent of the 
fund.uicntal. 
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3.2.1.1.17 rf^VAtCiU the inverti't is opernted in acccrd.-'.ncc 

perioiruiucc rivuircrcuts of paraj^raph 3.2.1, the niulibio noise shall net 
exceed the i^lleuinp,: 

t 

•% 

Smtiid Po\:c r L evel 
Octave .Bond 

Center Fre- 63 125 250 500 1000 2000 4000“ «)00 
qucncy - Hz ^ . 

Sound Pcti?cr 

Uvel - Ui 61 60 59 57 54 52 54 

dB RE:10~12 Untt 

Interference T> y/cl; l^ic speech intcrfcncncc level shall be 45 dB raxinun 
iron 300 Hz to SC66 \\z» 

3.2.K1.13 Operating. Life. Tl\c inverter shall have an operating life of noteless 
th.,a 17, GOO hours. 

3.2. 1. 1.19 Us eful Li fe. The inverter shall have a useful life of not leas than 
25,000 hours. Preventive naiatenano!, ser»/icing, repair and rcplaccnent of parts shall 
be consistent uith the rcquirei*cnts of this specification. 

3.2.1.1.20 ?hcl|.I Tlie inverter s! 'II be capable of eperating in accordance 

uirh t?ic rcouircrcvits specified herein f«?lloviug storap.c for a ccn~ycar period froa 
date of dolivery %*he:i c*:roscd to the environreuts of paragraph 3.2.5 and protected by 
the rer;iirc:xnts defined in .Section 5.0. 

3.2.2 Phyr. f cal Ciaractcristics 

3.2 .2.1 Inverter Pliv*;ical Clmmcterlstl cs 

3. 2. 2. 1.1 hei ght. Tim %7cir^»t of the inverter shall be in accordance with paragraph | 

3.1.2. 3. I 

I 

1.2. 2. 1.2 Center of C ravliy. Tim center of gravity of the inverter shall he dctcrrirofi 
in three axes fron a defir.cd reference liatun. 

3. 2. 2. 1.3 Cro”th Potential. Seller sh-Il, dnlccs othcn/isc provided, allctf for a 

10 pcrc nt (: potential in the. t^tal uncab Ic voluim in diictrit il/ 

e3cctr^>nic/. lectrof.ccuanica^ devices. A r.inir.nn of 10 percent spare plus/sackcts I 

sliall he provicfr<l in all o^tcrnal connccLors. Ail ”r.parc“pin” cavities shall bo fiiicu : 
vith sc.'' ling ,'lugs as .nppiopriatc. ^ ^ j 

1.2.3 r.>M.-»)l!lcy • I 
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3.2.3. 1 

' r*iit v.j'p.ira? 

. ir-.i, '.Icduiutant circui* 


ithi:\ t!ic iuv-'i:rler shall i 


n*-t I*c r<!uici. (.‘unn',;U tuc sarw* crar.octnr. <Vl:sP, ret!un«!;ti!t p.-t!is fpr c1cctric.il 
::h.ilL l>c so located that an event taiiclt d.itsi^cs one path will not daiiage 
. another. 


3.2. 3.2 ti ’<.a*'inc. Dcr.itinc of inverter conpements sli.ill be utilised to enhance its 

reli.ibility. 

3.2. 3. 3 Failti rc deterrent. Tlie inverter design shall incorporate the following: 

a. Alternate or rcdund.int renns of perfominn a critical function slmll be separated 
physic.illy by the naxlnuo practical distance, or othen/isc protected, such that 
all functional paths uill not be lost due to a single event. 

b. i.licrc s.fr'llar connections .^.re in close proxinity Uic inverter design shall 
prccluilc the cap.ibilicy of cross connection. 

3.2. 3.4 Faitur.; Pr otecti on. Tlicrc shall be no failure in the •nverter trhlch can 

C. 1 USC the failure of another inverter ulten operating .is a tlucc-phasc asscobly. 

3.2.4 Ihiintain-ibility 


3.2. 4.1 ncst r.n Allocations. The design shall incorporate the following raintainVibilityl 

allocations : j 

a. Tlte inverter shall be designed to allou failed subassctblics to be replaced on 
the hcndi in TSS hours or less after failure Identification. 

Tlic inverter shnll be desinmed to nlloa bench verification of its electrical 
functions i/iUiin Tl^ ninutes usinc suitable support equipnent in the culintenance 
arc«n. 

Co TIic invertor shall be capable of being repaired in the shop in accordance with 
the sUill level of TBS. 

do Hie inverter rcinoval/installation tire shall not c::cecd THII nimiteSo 

3. 2. A. 2 Doslr.n Features ♦ Tlic invertor design shall incorporate the following 

Toalutaitiability features. 

a. ^Itibnnneribly and conponent installation trlthin the inverter shall facilitate 
rcplnccnent. bitcrc feasible, functional circuit groups shall be pneUaged as 
easily rci;ovahlc .ind replaceable r.'odnlcs. ^ 

ba Ar range-nan t of suba.s.senblics and coriponcntn vltUla the. inverter shall be 

relative to failure rate «mff coiipatiblc with re<h::itlaucy reqtiirercnt. 

c. ’Hie iiwizvlv.v .shall ref|uirc no scheduled raiiytQn^fhce , including physical 
inr.prctit*a and parts roplaccrcnt. 


d. Tlio inverter noimtlng provisions slmll pemlt renovnl and rcplaceticnt using 
standard iusLallation/handling devices* 

j 

i 


• •M.M M «>| II .7 III V 2 W 


7.5-13 


l.tTTrR 


!V/.0!w0012 


c* Hie iuvortor r.hnll Vc. dc^i^r.cd to r^ccluCc the use of specia] tools and 

cquipnont for the on-site naintciinncc and repair. » 

*» 

f. TIic inverter shall not require pre-install ' acceptance checkout prior to use. 

g. lAierc fcasil>le» the Inverter test points shall he accessible and clearly narked. 

h. Tlic inverter design sliall preclude the requirer at for ‘’inspect and repair as 
necessary** (Iran. ) 

3.2,5 rnvtronncntal Conditions 

3. 2.5.1 Transportation, Ground Handling ant! Scornp,e. The inverter shall be capable 
of ncetinc the operating; pcrforr:ancc requiroronts specified ficrcia after creposur^ zo 
the follouinc transportation, ground handling and storage conditions. Exposure to 
transportation, groimd handling and storage environnents shall be United to periods 
vlicn the inverter is non-operating. 


a, Terperature (Air) 

1, Air Transportation 


Ground Trrinsportation 


3, Storage 


tfinlniin anbient of ninus 65F for six hours 
(35,000 feet). I!axir.un arbient of plus 
115F (ground) for one hour; !t:a::irun corpnrt- 
nent temperature vhilc cn the ground of plus 
190F for one hour and plus 150F for six hours 
per 24-hour period. 

tfininun anbient of ninus 23F, naxlmin arhinct 
of plus 115F; naxiniin corpnr treat of plus 
190F for one hour and plus 150F for six hi.urs 
per 24-hour period. 

Plus 25F to plus 105F for a ten-year pcrlcd. 


b* Pressure. Hnxinun of 15.23 PSIA (sea level), nininun of 3.47 PSIA (35,000 feet), -j 


llunidity 


d. Sand and thist 


15 tc 100 percent relative hunidity, inclnling I 
conditions x>horein condensation takes piece ! 
in tl:c fom of vatcr or frost for up to I 
30 d.ays. j 


As cncoimtercd in desert and ocean bcacli areas, | 
cqulvnlciTt In silica flour v;ith 

particle velocity up to 500 feet per ninutc 
and a particle density of 0,35 gra:r.s per 
cubic foot. 


Firngus 


An cxperici.cod in tropical clinate. Jtatcrials 
shall not be used v;hich will support or be 
dannged by fungi. 
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3 . RBQUIRE-iEjrfS , 

3*1 Itca Defi n ition * The RPC shall function as a ranoto povor control device in 
one or oore direct current (dc) electrical pover 3ysto:uj* The RPC shall also provide 
short circuit/ovcrload pi*otection and a Trip Signal* The RPC function is Illustrated 
by Figure 1. / /i 

3.1.1 Itca Pla;!ran * Appendices I, II, and III illustrate the envelope and counting 
dinensions of the specific HiXJ Type and Class. 

3»1*2 Slo ctxl c al Pcvrer Chy^r act eristic a. The Electrical Pc^icr Characteristics, at 
the RPC texmniils, shall be as specific * herein arid in accordance with M?G004~002# 

3«1«2.1 Ir.terf ?.ce PiaK ron. Figure 2 is a schematic block diagram In which an RPC' 

Euiy be used. The il.lustiv*tes Sl*uttle Crbitcr aerospace veliicle power 

systems acu current flo:. rr.e diagrara is intended 

to assist in detenrdnation of the sellers ' detail requirements and shall not be 
construed as a constraint oa design* * v . 

3 •1.3 Itcra Identi fication . IdcntificatiOT of the RPC shall be as specified in the 
applicable Appendix. ... 

3*2 Ch^x act criGtics . 

3*2.1 R FC Perforrrance . The RFC shall be capable of operating, as -?pecified, when 
subjected to one or any co:rbiri«aticn of the requirements of this specification. 

3.2. 1.1 Life ? .-:cuircr:ents. T!xe RFC sh .ll be iecifxiod to provide the most cost 

effective life capability, considerin';' liJiintaience nnd/or refurbich .cnt as 

well as state-of-tho-art h?.rcb/aro design. I’pon co.T.:.letion of tradeoffs by the seller 
to cstabli;:h the optirmx:. rnlaticnship l.oVv*ccn h.rivu*o life capability, n'dj;tcnance, 
and/cr refurbic*.;:ccnt, the RPC operating life objective will be changed to become 

a rcquirecicnt. 

3.2.1.1,! Operative Life. The RFC shall be capable of perfoznance, as specified 
heroin, for a luLnavcm oC iCO,OX EIFC operating cycles. 

3. 2*1. 1,2 Life . As a design obJ»;ctive, the UPC shall have a lulnir.ar, useful 

3JLfe of 72,000 hours v;hich is equivalent to 100 ' rbital. Missions in a tei-year 
‘period frem date of delivery. 

3. 2. 1.1. 3 ^3.^ dcsii^ objrctive, the I'FC shall be capable of operabi: g 

in accoricnco \t^^\ the rcq'vlrf.xnt;; ^ within ri of 

tcxj/cars frcix date of delivoi'y when to the cnviron;:*cnts ol' 3.255. 

3. 2.1. 2 Elect ric al Pcrf orrftance . / ' ;; . .. 

3. 2. 1.2.1 Tho UK Operating Voltagea shall be. within the lii.lts 

specified in Tablo I and as illu.st rated in iiguro 3. 

:>.r’ v.r>.l.7. VoT..-!'". Tho "Ami bo voUr., 

i V* Ct.'C .urtt tn /nit' ,/ *. i ) l * •'* enrr* .• 

f;:;tcirial. load* 
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3,2.1«2*1.2 Tu rn Cff Voltage . The Tom Off Voltage shall be 9.0 vdc, j^uo 0.0, 
tainus 2.5 vdc. The Turn Cff Voltage is defined ais that voltage at which current 
flow to the external load is turned off. * , 

5. 2.1. 2.2 Hated Current . The Rated Cm*rent sh.*)!! be as specified in the applicable 
Appendix. The KTC shall not be adversely effected when subjected to tho higgler 
currents specified in the foUo.dng subpor^aphs. . 

3.2.1.2.2.1 Current LirAtinjt/Cverload . The RPC shall Urdt/inhiblt current flow to 

tho external load within the ti%e/current Holts specified in figure A* ... 

3. 2.1. 2.2. 2 F-unture Current . The RPC shall fail safe when interrupting the Rupture 
Current specified in the applicable Appendix. Fail safe operation nay be provided 
by a fusible link, 

3.2.1.2.2.3 EC Rjpnle Current . The dc ripple current during Current Idoitlng/Overload 
conations shall not exceed t'.fo percent of the input supply current. 

3.2.1.2.3 Trip Stmal . Tho Trip Sl^oal (TS) shall be a steady-state discrete plus 
28 vdc, in accordance with Table I. The TS vdc shall be referenced to tho control 
circuit ioinus voltage. Subsequent to CurrciJt I4ratiji.-2/Ovcrload and Rupture "trip* 
conditions, the P.?C shall pro’.dde the TS continuously when 14.0 to 34.0 vdc is applied 
.at tho R?C control ter;3ihals.- 

3.2.1.2.4 R eset Cari b lllty . Subsequent to "trip" or interruption of current flew, 

the RPQaay be reset within 0.020 seconds, > • 


3. 2.1. 2.5 Pcssenso T ines . The RPC Response Tines shall be within the Units specified 
in Table 

n 3.2.i.2.( 


^4^ in Table X and. Figure 3, 

3.2.1.2.6 Corron Mo d e Re.1ection . Tlie RPC shall incorporate Coosion tlode (Ol) 

' ‘ ' Rejection capability to prevent inadvertent operation vfhen a CH plus 10,0 volts 
peak, dc to 100 KHg, is present at the control tenainals. 


3.2.1.2.7 Hum-iji . The P.PC Electrical Pcrforaisnce shall bo 'deinonstrated, as a 
condition of the Royers' acceptance of each RPC, 5 »C*jO ctlninua operating cycles at 
the rated resistive current specified in the applicable Appendix. 

3.2.2 RPC Piiystcal Characteristics . 

3. 2.2.1 Vfcit^ht . The eaxinus weight of the RPC shall not exceed that specified in 

the applicable Appendix. ^ . a 

3 .2.2.2 E nvolon o. The Fnvelope.of the RPC shall cenforn to tho rcq»ircr.ents of tho 

applicahJlo App«;n<iix. ’ ^ 

* * * • « 

* # 

3 .2.2.2. 1 "F.’-i cl'> f:iiro. The RPC iihclosui t. shall b<> of 'bi;Cfici<aat »r.cch.-4nical fircagth 
to vdthstond the norrail transit, test, storage, jnd use (requirements oC this spec- 
ification), without cau.ning nudftutction or distoi-tion of prirta. The Rlt) Rnclocuro 
shall bo all-^weldod conatmetion itnd thall not electrically interface with the 
t<m(U nals or of>orating plus and lanus vol-tages. 
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3*3. 2.?. 2 Tlio HPC shAll iivJcrpoi\itc ;:oldcr Tcnilnals. Tha 5iPC Tcr:ir..\l 3 

sluvU coiu or.,\ to ttio ‘-fcr-inrils" and "Strcigth of Tcr-inals’' rcouircsents specified 
in llIL4{-i'lC6,r'‘i:'0'::i:‘apfi 3*'v.i3.2. ■ 

3. 2. 2. 2. 3 I'lio HPC shall incorporato .i Hcr.:\etic Seal. The KeiTc-tic 
Seal Is (ie:'in.\i ao .\ cas ti^ht fusion of the ".nclosurc and Tenalnals, utiliains' 
metals, vitreous materials, or other r.etal to r.etal ennding. The Hemetic Seal 
Icakar.e rate, suall not c^ccced 1 x 10“^ stv-nclai*d cubic centincters (cc) per secend per 
cubic inch (Ln-^) of tho sealed PJC voluac. Prior to sealing, the RFC shall bo rargocl 

all gas 00'.) snd thpi back-filled to a pressui'c of one at^oothcro with dinr nitre sen 
and sufi'icicat quantity of heliu.a for trass speetrc.’r.oter leiJc detection, 

. , . Eich back-i'ill gas shall have a 9S percert 

purity and a dc.# point not above 85 F, 

3*2»2.2.3 shall incorporate integral flange type mounting 

■ provisions -13 illustrated in tho ap‘)15.cabie .\ppndlx. Th.3 tnounting surface shall 
cot\fira to tho cnvircuncntal rcqulreaents of this specification and MF0C04-CO9, 

Tho mounting surface finish shall ensure the Enclosm'e Bond Resistance docs not 
exceed 0.0025 ohm. . 

3<2. 2.3 Tho RFC shall operate in accordance v;ith the rcquirenetits of this 

cpeclficatio:; v.hcn mounted in any position. 

3.2.3 P-clir. bility . . •. ' 

3*2. 3.1 As a the RPC flight mission reliability, when os--’--ted 

vdthln the raquj.r.-ja,nts of 3.2.1.1.2 .and 3. 2, 5. 4 shall be lpO,COO hours mean clio 
before failure, . . • . ^ 

3. 2.3. 2 ;->ilurc_^nt. crre:it . The RPC shall be dcaigned such that transient out-of- 
tolcrancc c'-iviltions or component failures will not cause other component or sub- 
system failures, - 

3.2.4^ i;' Tho RPC is designated c^s a Shop Replaceable Unit (SRU) 
and shall not require .maintenance. * . 

3.2.5 Kri.yj. rorj.’.f'i'its . - ' 

3. 2. 5.1 Tho RPC sh.ill bo capable of meeting the Illcctro- 

ir.aj7icti<: JntcrXcrcnco and /Electrical Design ■re'juire.T.cnts spccir'ioi herein after 
exposure to the Collcwing Transportation conditions ’■■/hen packaj'.cd in accordance 
with Section 5. * ■» 


a. Air 

(1) Tc'.peraturo 


Rinlv.u;.\ a.':bi.fjit of r.vimu; 65 F.-fir' .holt (F) for six 
hours at 35,t^'0 fett (ft). Ha;!!.!';;.! ambient of plus 

^5 F (grcvmd) for one hour; i.ViXii.iu:.! ccmpartiacnt 
tempicrature 'r.'hilc /n gro'ind of p^lus 190 F for one P.cur 
and plus I50 K for ..Lu hours. 


( 2 ) Pre !:;urc 


Maxlrum of 15.2; 
absolut.; (p.'la), 
35,000 ft. 


;i;5 (lh:i) per eq'i .ro (so) i;.:;, (:’n) 


ro»»M fA Mt 


» m 
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iy) 

Hunidity ■ 

■. • 

8 to ICO percent relative humidity, including cn\ditions. 
wherein eondcisation takes place In the foni of water or 
frost* ■ - . 

Croun(| 

* « • . . ' ' • • V . ^ 

; • ■ * . * 

(1) 

Tes^erature 

KinJmua aabient of ninus 23 F,' masdsuffl anbient of plus 
113 P> naxiEnra coicpartiaent of plus 190 F for <me hour 
and plus ISO P for six hours* 

(2) 

Pressure 

Maximum of 15*23 psia (sea level); sdni&un of 9*76 psia 
(10,000 ft)* 

0) 

Kunldity 

6 to 100 percent relative humidity, including cond5.tiM$ 
wherein ewdensation takes place in the fora of water 
or frost* • • 


e* Shoct^ .'Capable of withstanding eboek« as . 

specified in 5«2.3« 

d. VlbratioQ Capable of withstanding Vibration, Sinusoidal, as 

specified in 5*2«3* . v 

3 *2.5 >2 Stera!;e . The RPC shall bo capable of ejecting the Eleetronia^etie Ihter> 
fercnce and ii^cctrleal Design roquireaents specified herein after exposure to the 
following storage conditions* 


a. Sheltered 

(packaged or unp&ckaged) 


U) 

Toaperature 

Minus 23 F to plus ISO ?* • . • 

(2) 

HuDidity 

8 to ICO percent relative huirddity, including eonditiens 
wherein condensation takes placo in the fom of water 
or frost* . 

(3) 

Pressuro 

Kaidsva of 15>23 psia (sea level); niniaua of 9*75 
psia (10,000 ft)* 

(4) 

» • 
j • 

Ozone 

Throo years expos\\re inclv.ding 72 hows at 0.50 parts 
por million (pp-*^), three months at 0.25 pp!s» and remainder 
at 0.05 PP». 

; . (5) 

1* •, 

* 

Fungus 

As specified in KC999-0096. ' 

(6) 

Sand and Dust 

Suspended dust (-is distin.^ulsh' >1 fro.'n blowing sand) is 
unifor.?JLy distribute! in the pr'Ntcct'vJ at:.'.".; here, •■dth 
.'.* 203 rf>r.;'j:. ; Cip'^ tt\i. lower, limit of sand (^.03 
miUlLtcter fK.ii) down to bolow 0.0001 mm. IJlnoty percent 
of the dust portlclos will bo between 0,0001 mm and. 0,002 
mm in di.-imetor* 


b. >Jn8ho ltcr« yj Pnvirorjftf.r>t 
(packaged) 


(1) '.'w;..,<>jiaLttro Minus 23 P to plus 115 P. 
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( 2 ) Pressure 
0) Hunidity 

( 4 ) Sand and Dust 

(5) Salt Fog 

(6) Rain 

(7) Osona 


Maxijauia of 15<23 psla (so.) Ivrtl); sdniaua of 9i76 
psla (10,000 ft), 

8 to 100 percent relative hunidity, Including conditions 
vheroin condensation takes place iir the fora of water 
or frost* 

As encountered in desert and ocean beach areas, 
equivalent to 140-uesh silica flour with pai’tiele 
velocity up to 500 feet per tninute and a particle, 
desnity of 0.25 grans per cubic foot. 

Salt atmosphere as encountered Ih coastal areas, the 
effect of which is simulated by oaqiosure to a 1.0 
. percent salt solution by weight for 30 da;'3. 

Kaximum of 1? inches in 24-hour period 'including short 
period extremes of four inches for one hour. 

Three years exposure including ^2 hours at 0.50 ppa, 
three months at 0.25 Ppm, and reinainder at 0.05 ppa. 


(a) Solar Radiation Solar radiation of 363 British Thersrnl Unit (BTU)/ftV' 

hour for si:< hours per day for two weeks. > 

. ( 9 ) Fungus As specified in MC999-CC96. 

3 . 2. 5 . 3 Cfro u nd H? n'i''i. ng T.or.cis The RFC shall be capable of meeting 

the oporatin," pcri'oi,-.T:r.cc require; ;cat3 up^^^ifie'd herein after exposure to the 
foUev/ing ground har.«.:iing conditions when.unpr.ohai'ed. 


a. ShoclC|J3/;s\£h 
HancUlng 

b. Shock 


As specified in MI1>STD-S10, Method 514.7, 
Procedure '/ 

As specified in HII^TB-340, Method 516.1, 
Procedure I 


3 . 2 . 5*4 Fligh t rn vir'.ni.icnta. The UPC chcll bo capable of operating as specified 
heroin during and after exposure to any combin-ition of the follovfing ai'rixorjtcntal 
extremes ; 


a. Pn?:'ilf5 

b. Atmo spho re 

Cs T^gftpe ratur o 
ds Ihcriidltv 


16.0 pcJ.a> na>ijrium to I x 10"“^ irs of "crc^iry (njiilg 
or torr)* • ♦ 

(firculatL:;; I!Ltrovr:;i/0:7r,rTi a*/ r.vi:dj:iU'ri pr^in-iure 
3.\5 rcila, 2.75 poia, ::lni*«u/a) 

to riO«>d.na^ 'tU 3* i *>5 p* mL* v35 >^^ 

Minufl 65 P to plu3 iCQ F in i:pccificd*aU.or,ph^ro; to 
plua 130 r at 1 X 10^‘ (-hrn i»v>intorj on coJ.dp’.atc) . 

Dw polfit plu?i 37 to \ hxn.Cl F; s ilinity ono p^Tormt 
by 0 re: .i-i.v-; 'v«r :'!v>y, 

condi t ionrj v.'i *;r e* in e on* ; .a :r i on t rx • ) i .0 0 in the f ot 
of ■,/atcr or fi'vat, ior vi,) l/> 30 d iyo. 
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e. 11 /lilabij; 


r» yibraticn Randon 


g* Acceleration 


h. Shock 


The RPC shall not I > a. / -iT! ’Iv <*ffcctol vf’icn csjoscd to 
cable core trannii,;-...! ,\t .woh' P.hC Tcn'ir.al, Th<s traftsicr.fc 
sho.Ll bs a cc v.yoslt ? ?C V o w.*vo foiws, each 

having a to«al encr,j' cf 10 rilli joules* The first ono 
shall crest at t^o •vlct'or icor.Us after itiiilatlon with a 
total duration of ICO :;icrc>seconds* lOio second one shall 
crest at 30 ® irdcvescconds after ini.tiation with a total 
duration of 600 uicx'os trends. 

Acceleration spectral dcnj;Uy (gV^lz) increasing at the 
rate of plua six dccilvls (d’o) por octave (oct) from 25 
to GO Herts oor.rtart at 0.2 frea SO to 400 

dccre it cnc 'V'Se of i.Anus 3 db/oct froa 400 
to 2 ,CCQ Hs, in Oach sixes . 

if •• 

Plus and rdr’.ufi 5*0 j*, 3 rdixates in each direction of 
each of the three i;iUtr:l a;» 3 * 


( 1 ) Kon-operating Peak eccoloratiea (e:;./tooth pulses), 40*0 g, 0*011 

second minEra ?Ji c. '-h liiractiMi of the three nutual 
axes* 


( 2 ) Operating 


Peak accolcration (rcct:i,'.j,'slar pulses), cne tiao, 1*5 
g, 0,260 second jn each direction of each of 

the thres r.-Aual cXii . * . 


3 * 2 . 5. 5 Ch eckou t IVi-/i r 5 r.-cn:r. (Tr.:; >jl. .i )* The I?rc. chr.Tl bo capable of operating 
as specifivi herein during a,'.A aftci’ lixccvu'.a to r. . v’.roraeits specified as follows: 


a* Prsssnro 
b. Aiens '.hnya 


• 18.0 psia, saxleiw, to 'i 4»5 psia, udniaun* 

StandM'd; ?*. the preaaure extremes apecifled 

■ herein* ' 


c, Ty .xoa.‘c tur a (A:nblcn t) lllnus 23 ? to plus 135 K* 


e. S a3.t Fog 


d. Hiipid5.t y 8 to 100 percent *.•••:] .-tive ‘-.vridlty, including conditions 

wherein ccivl.’rnrr.tiv' I r pl-..cc in the fona of v;atcr or 
frost for vip CO 3C tt;.7S, 

e, S a3.t Fo.g * Salt atcosihere •o /•■.-^’■.tcred in cristal areas, .V.v 

^ effect of •, hich in r.i.,i”l'.tcd by cjxposurc to a 1.0 

percent o?3.t aolutiou for 30 doyo* 

3 . 2.6 V’* '^■'^0 *V-C ohaTl do:;*. ;'’.- ! ; « to bo c.?.nah.’ •>. of being 

h.V;dled* -:n1 " to faci.1) '••■.■. • . ''v. ? or degradation, utilizing 

available ...c ./.o-’o of tivmspoi'^. with tho idHJ prcptro<l for nhlixacnt in accord^co 
with Section 5 rcquira.;ents* . 
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I 3*3' Conctructicn# The RPC shall be of cor*pacl and ot sufXici^tlj 

I ruggoJ ccnst:*uction to \/ithata:id all otresst^ oni operational conditions spe^iTied 


i her^. 




3«3.i ' Ma terials; Parts, "and Processes ^ 


*• .»fc* .»•.-«■ 






3 . 3 .I.I Hater l.’ 3.s and Fro cersca. Materials and Processes for the RFC shall be in 

accordcnco wiwh .'.C'}99-OC?iS extent specified in the requireaents table of 

the purchase o^er, . * 



3.3«V*3"' P<‘ ‘.rts Attach~»:nt « Parts vd.thin the RPC C:.cla3uro' shall bo secured (bended) 
to the RPC asse-bly by cschanical neans, escest attach;-cit ray be effected utilising 
approved fusible ratcricls with neltia^ points crital to or sreator than 375,.?, or,, 
structural adixesive bonding in iccordcince with ■.109/9-0096, ' 

X . : . - r ~ tn t - • - 

3.3.1«4 Cleanliness ; The internal surfaces cf the ?.?C*and external 5 urfa<?c 3 of * 
integral. R?C parts witiln the SPC.shall be clecsned to deaRliness requirssants 
ofKCTS^Ti..^;, 

3«3‘«2. f -elcct ie n of ca tions -r.d dpccificaticns ard Standards for 

use iii'the dcsi,>i cni constraciion of ^h •2 ?xC, ccher fnan those specific herein, 
shall.be stv.cciol in th'? order of pr 2 ccie:;ce specified in MJL-STD-243, esaept that . 

. IIAS.V docxp:-;;ts, •..•ho suitable for the purpose shall ta!ie nrecedence, 1 * * 


3 . 3.3 Slectrcr. -- ..~r.e^lc SiterCcrgico aji d Slectri c-il. fesj.-n . . ’ ' ‘ 

3 . 3 ^ 3.1 ■ Hicstr:.:'.'".' .;iic Interference. The iiPO shall he designed in accordance with 
r;i'tX>:V012, Class i, dutcUss D. , i 

3.3.3*2 Pl^etrxc^l. The HPC Electrical D:si;pt. shall co:»fora to the requiro- 

xents specified in .J-i.,V»-032, except as follows. . ...... 

3 . 3 . 3.2.1 £ew; 2 r. The p-rwer consuracd by the ETC ch li be the evihicusi required, . ; 
consistent with the reri\jire.icnts of the applicable /.ppe-ndix. ' 

3.3-3>2.2 The Voltage Di'op shall not exceed 0«5 vde for current 

v;iiv.-:s :'.'cn s ,. 3 t.. ICO percent of the r.atvi reals', .vc c’crrcnt specified in the 
apsLLc'.ble Aj p •.r.'iix. . ■ ‘ . 

!C. j A .!• .... * . » 1 ’- * 1 »-* . t ;• i ••.*»•* r r ••.*?*. * . ' 

30.3^3 ‘ :.r:v.?.-. .. 


5 ‘J' - 




3 . 3 . 3 -i2*3*l — Ir*:;uL%>lcn ?,esistancc, riOAaurcd at a » •• * , 

jvo^‘. - f . !. !, > r z {--I. '^ 4 . ...i.'ixJL uo ■ •'j tciiCco aP 

> «3.% * .ft' 

3.3;.^.:3.3.^' The lU-C bv n.pahlo of vfit.hstandin'g 1,;»50 

velta r...a corr- it (.ac), Ms .•.iL:u, ...:; , '.fnti.'tl, a, jlic-'l between the hlC. 
Ter. inals the .y.doiure .as speci fied i;i 3 . 1, for -i period of 60 

C'-’Cen-.la (.linLei'a:... e.xuig each tost, the lee-tk.'iije curr'nt :d».all not exceed 1,0 idJLli- 
w pere for 10 I eco.-.da, oubsorjjuit to .\cce»ta...c Vests, the test i otentl't.1 ;. .1.1 
’. • '-'..c r:-'., t ■■ •. -r'C . 
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3.3»3.2.3*3 Jj Ir.'.poli\;\co oC the RFC, V'ctvcai the pins control teralnal 
otid the fiFC F«elo;,ure rr.d .ill other Tcin.dnals, shall not be less tlian 2^100 oicas plus 
or cd:;us ICO oiuns. , 

3»3-3.2.3-i» lArkgr p Cu rrent. I'he RTC Leakasc Current with plus 3^»#0 vdc applied 
between the load tcirdnnls shaLl not e>;cccd the uasiE^au spccii'icd in the applicable 
Appendix. 

3.3*4 Identification .-md t-hridns! . . ' - ‘ • 

3. 3.4.1 T dcnt l fication of Parts . Each part fabricated shall be identified with a 
pai't nu:..ber. Tno O'j.vo specification or part nurbar 3ha.ll be used to identif7 a 31 
lilie : a.torial3, pr*3ccssas, and parts. Seller shall assi^i a nc.v part to the 

part whc.n authoria-M changes make the supers-sdod p.art net intcrchangsable with 
respect to interface, rcliabilitj'. safety^ logistics, traceability or perforasnee. 

For traceable iters the port identification -shall additionally include the sianufac- 
tuner's identification cede in accoi'dance with DCD Handbook H4-1, and be lot/ssccber 
numbered or serial nurbcrwl when required. 

■ 3 . 3 . 4.2 Ide ntification of .Ml Dgfelocr.cnt/Qualificatioa Test Sneclncis . Test - 
spccincns sh.Tll be permanently and obviously identified prior to testing with the 
wox^s "Z.'O. TEST CHLY" in addition to the identification required by the Draidjig/ 
Specification to preclude their use on production iters. The letters shall be 
Indelible and pro’ri.do a distinctive end vivid contrast with the color of the spccli^. 
The lettering si-aa end identification location shall ba clearly visible to casiuil 
observation. Materials used for the idoitificatlon 5 ha.ll be compatible with the 
test *:pcci;aGt and its opc-rating environment. i?hca the size or cenfigaration of the 
ftest spacii'.en is such, the identification cannot appear on the spccincn, other. suitable 
tteans such as attached r atal tags shall bo used. . ■ • • 

3 . 3 . 4 . 5 I’amcplatos shall be narked in accordance with HIL-STD-I 30 and 

shall include (as applicable) itca nano; buyer's control nurberj Federal Stock 
Muc.bar/l.'orth AtJ.cntio Treaty Organization (rsi;/?fATC); raonufacturcr; date of nar.u- 
facturo; and '...anufacturcr's serial nu:.ibar, port nu.“bcr, lot number, and code 
idcntificaticn riurr-ter, ■ Abbreviations, in accordance vr.th MIL-STD-12, nay bo used. 

3 . 3 . 4.4 Tonmnal TdcntiricitionAM.ring Pia r.r.a.n . The RPC shall have permanently 
affixed to the i.aclo.curc on indelible and legible Termi:;al Identification/r/iring 
Diagro-j.i, that ’.denti-fies each RFC Terminal function as specified herein, and each 
RPC Terminal location.. 

3*3.5 Tr.aco ani lit y, 'rraco-ability shall bo provided ly -assifyiinc a traceability 
idcntiflc itio.a to each P.PC identified in 3.1.3. Such idf-sitification shall 'provide 
the moans of ron*elitir.;' c-'^ch to its historic.il record;;. Ccnverccly, the records 
must be tr-icc -,l;l.e to oa.ch Pd‘C. 

* * . 

3 . 3 . 5.1 3-ower t^er itois, tr-iccJality clar.sifi- 

c-ations shall be cntablisho^Tby ciassifying raw material., p.ai’t, assmbly, or ^nd itoa 
for df.'tcrr.'Anin.;' the mar’rdng and traceability recorda rcnnlrtsi (or ev.cludcfi for cxcr.pt 
Itcsn) for th'-.t it«a. Sellor/subordinato suj,pl 1 .cr e.''.:':a'.';ering docu:r.ent.ation (c.g., 
drawings .and ;;pcci i’lcat.lc:is) shall jspocify tr,tce.ahil 5 .ty or exoi.ption for itoris in 
accord:Jicc with tho applicable cl.ios.ificatj.ons dcfirial in 6 . 1 . 
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HUMBCft 
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KtVlSlOHLtTTCR 

n-inz 


FAOC 


4 


REQUinr!EOTS 


3.1 Itfcia P^fiaitica . >'XCB*s built to this specification shell he capable of 
performing the follcviaf; functions unocr all the environmental cbadltlons and other 
requirements imposed by this specification: 

a* Carry current In accordance vith its rating as speciTled In Table !• 

b. Automatically sense an overload and interrupt (trip) the circuit without damage * 
under the conditions specified* 

c. Provide the capability for closing and opening the circuit from a reo^te location 
during all condlticms except overload* 

This capability shall provide for closing (resetting) the RCCE folloulng an autixtatlc 
trip but only after the overload condition has been corrected. It shall not be 
possible to close and maintain the RCCH contacts closed while an overload condition 
is still present. . • * 

3.1.1 Item Diagram . Figure 1 is the block diagram for the RCCB external connections. 

3.1.2 Interface Definition . 

, 3.1.2.1 F.lcc tr ical ?over Characteristics . The electrical power characteristics at 
the RCC3 into r face stiall be in accordance with HF0004^)02. 

3. 1.2.2 Control Inpvt . The RCCB shall be actuated (set) by application of a 

24.0-40.0 Vdc signal applied through a 1300+ 45 chr, 1 watt roristanco at the ccritrcl ! 
ir.yut in Fi;,“.re 1. of the c-?ntrcl ir.yut voltere shall epen * 

aCCw. ••^* *. *^* C*' •'* .V • •' .*** * ^ 

3.1.2.3 Pe wtr. The RCCB £:hall be capable of operation using 28 Vdc backup j 

power applied as -Irr-oi in Figure 1 at tLacs whea lire voltage is not availabla. there 

I shall be no connect ion within the RCCB to allow the backup voltage to energlee the 
1 main bus or the leal, nor for .the aain bus to enorfise the backup voltage bus. 

3.1.2.4 Electrical Connections . Conr.ectlons to external circuits shall be as shown 
In Figure 1. 

3. 1.2*4. 1 L ine gnj load Terminals. Terminal studs shall be used fer main line and 
load connections as shovm in Figure 2* 

3.1. 2, 4.2 Control Tenaina ls. Ttie control terminals shall be ccncalncd In an inte- 
grated uire*tcrnlno.cion ncdulc in accordance with M527726 to accept pin contact 
NS39029/01-I5-20 p&r i^IL-C-39029/1 onJ as shovn in Fi^re 2. 

Item Identification. The idontiClcatlon of the PXCB :«hall be as follovii: 
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CODC IDENT. KO. 039 S3 









CODf inEHT. NO. 039 S3 



NUMBER ........ 

MCASA-0027 

REVISION letter 

B&fll 



_ L TTi T r~r~ 


1 KonenclaCure 6 Mfr 

I C ie Ideut. Ko. Buyer Control Ro. 

Seller Part Ko.. 

Traceability 
Clasaif ication 

ws/ 

SRU 

1 RCCB 

7JCA5A-0027-1015 

TBS 


■ ■ 

Serial 

sw 


( ) 


IICCB 

( > 


1020 
1025 
1035 
1050 
1075 
HC454-0027-1100 


ns 


SotUI 


SRO 


3.2 Characteristics . 

3.2.1 Petto rtaance . 

3.2^ 1.1 life Pcqulreaieats . Hie RCC3 shall ha desigaed to provide the oost cost 
etfective'life c^.iability, considering state<'Of-the*-art hardware design. Upon 
coapletion of tradeoffs by the Seller to establish the optiaua relationship between 
hardware life capability and cost, the following life objectives will be changed to 
requirements. 

3. 2. 1.1.1 Operating life . As a design objective, the RCCB shall be capable of being 
remotely cycled **0N" and "OFF" for a minimum of 50.000 cycles at rated curroit. In 
addition, the RCCB shall be capable of withstanding 100 cycles of anttmatic trip at 
200 percent rated current with remote reset.' 

f 

3. 2. 1.1. 2 Useful f.lfe. As a design objective. Che RCCB shall have a minimum useful 

life of 30,000 hours, which are equivalent Co 100 orbital missiona In a 10. year period 
from date of delivery. ^ . 

3. 2. 1.1. 3 Shell Life . a design objective, the RCCB shall be capable of operating 
in accordance with the requirements specified herein any time within a period of 

10 years from dace of delivery when exposed to the appllcabl%. environments of 3.2.3. 

3. 2. 1.2 Electrical Ch.iracterisclcs. 


3. 2. 1.2.1 Ampere Ratings . Ampere recings shall be-os specified in Table I. 

3.2. 1.2.2 Voltage Crop . With rated voltage end current applied the RCCB voltage drop | 
from line to load camiinals shall not exceed Che value specified in Table 1. ' 

3. 2. 1.2. 3 Interrupting Capacity . The RCCB shall be capable of interrupting currents 
as specified in Table ll when tested in accordance with A. 2. A. 1.16. 

♦ ♦ 

3. 2. 1.2. A Power Reo uirsra ents . The RCCB shall require a maximum current of 3.5 amperes 

at 32 VUc to oj arato tho main cuntacts and a ma:<i3um control current of 10 ur lli- 
anperes at 40 Vdc. 

3. 2. 1.2. 5 Insulation Resistance . The inauletion rcsistanco between mutually insulated 
parts and mounting surfaces shall not be less than 100 megohms when measured with a 
test potential of 500 volts dc at ambient conditions. 


A 
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3«2«1«2«6 ?>L?locC ric U Mth< ;tc\nd ln ^, Vo ltAP.e> The KCCB shall withstand 1250 volts sc 
(nns) at 60 iU* £ox a pcxiod oi 60 sacoiuIs rhail siu;.v no ovidence oi bro.ikvioMi, 
flashoveri or current flov/ in excess of ioo microainpores. 

? 

a* Between line and load terminals with the RCCB in the OFF or TRIPPED position. 

b« Between teirminals and parts normally grounded (such as frame, shell, T^ounting 

plate, etc.) with the main contacts in both CLOSED and OFF (or TRIPPED) positions. 

3*2. 1.3 Operation. 


3.2.1. 3.1 Control . With power applied to the line or backup power terminals, the 
RCCB shall be capable of being closed (set) by application of 28Vdc to the control 
input, and opened when the 28- Vdc signal is removed. If power is removed from both the 
line and backup power terminals, the RCCB contacts shell remain In the sane state as 
they were before the power was removed. If power is again applied to the line or 
backup pov:er terminals, the RCCB shall assume the stale dictated by the status of Che 
control input. With minimum voltage applied to the control input, the RCCB shaljL. 
operate in a maximum time of 30 milliseconds. 

3. 2 .1.3. 2 Trip Performance . The RCCB shall interrupt the circuit (trip) within the 
limits specified in Table I. 

3.2. 1.3. 3 Trip Mechanism . Llien an overload condition occurs, the RCCB trip mechanism 
shall open the main contacts. The trip mechanism shall not be capable of closing 
(re-setting) the main contacts until the remote control switch is moved to ’'OFF** and 
then to **0N*’. 

3* 2. 1.3.4 Trip Free Cpuration . The RCCB shall be designed so that the circuit cs.nnot 
be maintained closed when the contacts are carrying overload currents that would 
normally trip the RCCB to the open position. 

3.2.2 Physical Characteristics . 

3.2.2. 1 Envelope. The envelope of the RCCB shall not exceed the dimensions shotm in 
Figure 2. 


Table II. Interrupting Capacity 


Fault 

Current 

Amperes 


Fault 


Open 

Description 

System 

Circuit 

* 

Voltage 

1 Voltage 

1 oco 

1 CO 

28 Vdc 

30 4 2 Vdc 

« 

Sea Level 



1 OCO 
1 CO 

1 X 10"® TORR 

1 



6000 ajnj>crcs' in 
■0.01 t<y 0.03 
'Sjeepnds after ‘ 
fault ini flat Ion 


Recovery Open 
Circuit Voltage 
Transient 


28 V within 
0.002 sec )tids 

50 V maxi rum 


*0C0 - Test in which the circuit breaker is clc.icd before initiation of the fTulC 
CO - Test In which the circuit breaker Is cio.;ed to coraplete the fault 



FOiiM.M 3 /0 









3. 2. 2. 2 Mour.cing. Th* mounclng provi^iions of che RCCB shall ba as shown In Figure 2, 

» 

3.2. 2. 3 Welp.ht . Ths weight of Che RCCB shall not exceed TBS pounds Including 
terminal hardware* 

3. 2. 2. A Surface Wear . Interacting surfaces In the RCCB shall be sufficiently smooth 
and wear resistant such that particle generation will. not preclude the normal 
functioning of the item as specified herein. 

3.2.2.5 Terminal Mut Torque. The RCCB external terminal fastener torque shall be 
TBD. 

3. 2. 2. 6 Orientation . The RCCB shall be capable of operating in any position and at 
zero gravity inhere convection, cooling is precluded. 

3.2.3 Environments . 

3. 2. 3.1 Operational . 'The RCCB shall be capable of meeting the operating performance 
requireraents specified herein during and after exposure to any feasible combination 
of the following conditions: 


e. Temperature . 
b. Pressure 
e. ' Humidity 

d. Salt Fog 

e. Lightning 

f. Random Vibration 


Mlnisiunt Plus 30 F 
Maximum: Plus 140 F 

Minimum: 10~^® Torr 

Maximum: 18.0 psia 

Minimum: 0 percent, relative 

. Maximum: 100 percent, relative 

# 

Exposure to one percent salt solution by weight. 
Xa accordance with MF0004-002. 


(a) Liftoff and 10 -25 Hz 

Boost Vibra- 25 -80 Hz 

tion Spectra 80 -400 Hz 


0.02 g‘/Hl 
.■t-O dB/octave 
n.9 m2/ii« 


80 -400 Hz ' 0.2 g2/Hz ^ 

400-2000 Hs -3 dB/octave 

Time duration - 1 hour per axis 


(b) Main Engiine 10 r30 Hz 

Vibration 30 -60 Hz 


Spectra 


10 r30 Hz 6. OH g2/Hz 

30 -60 Hz -3 dB/octave 

60-2000 llz 0.006 g^/Hz 

Time Duration - 12.5 hours per axis 


g. Acceleration 
'h» Shock 


Plus and mInuS/,S-.{^p in all axes 

Maintain structural iritagrity when eubjected to a 
terminal peak snwtoorh shock of 11 nilliseccnds duration* 
and 40 g acceleration in any direction. 


i. Explosivo Atmosphere In .ncf;or«l.Micc with fL-STD-iilO, TIothbJ 1511, 

Froccdurc I, usin 9 butane for fuel. 


f'UnM.M 131 M *2 Mi.V 2*70 
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CODE IDSHT. HO. 039 


NUMbCR 


HC454-0027 


i huVtSiOM UF.TTEK i 

□ 

□ 

□ 

□ 

1 i 

u 

u 


F*Ace 
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3.2.3. 2 K on-Oaorational . Tha RCCB shall be capable e£ meeting the operaCin« 
erforoance ruquiioroncs specified herein after exposure to the following transporta- 
.lon and storage conditions when packaged in accordance with Section S« ■ 


0 • 


d. 


Temperature 

(Packaged) 


b. Pressure 


Sand and Dust 
(Packaged) 


f, 

%• 

h. 

1. 

j. 

k. 


Solar Radiation 
(Packaged) 

Rain (Packaged only) 


Hail (packaged only) 
Snow (packaged only) 
Shock (Bench Handling) 
Ozone 

Fungus 

Vibration & 'Shock 
(Packaged) 


Minimum: Minus 65 F for six hours. 

Maximum: Plus IIS F for one hour*, plus ISO F for six 

hours and plus 190 for one hour. 

Minimum: 10**^® Tort 

Maximum: 18.00 psia 

(1) As encountered In desert and ocean beach areas, 

equivalent to 140-mesh silica flour with particle 
velocity up to 500 feet ^sr minute and a particle 
density of 0.25 grams per cubic foot. . 

✓ • 

(2) Suspended dust (as distinguished from blowing 
sand) is uniformly distributed in the protected 
atmosphere, with particle sizes ranging from the 
lower limit of sand (0.08 millimeter (MH)) down 
to belovQiOOQl mm (0.01 micron). Ninety percent 
of the dust particles will be between 0.0001 mm and 

0.002 mm In diameter e 

, *. 

2 

363 BTU/ft /hr for 6 hours per day for two weeks. 


Kaximum of 19 inches for ai 24 hour period, including 
short period extremes of four inches per hour. 

•Diameter of 0.30 Inches with fall velocity of 66 ft/sec. 

10.2 Ib/ft^ 

As specified in Mil, -STD-810 Method 5l6.l, Procedure V. 

Three years exposure, including 72 hours at 6.0 parts 
per hundred million (pitm) and remainder. at 3.0 phm. 

As specified in NC999-C096 

In accordance with 5.2.^ 


3.3 Design and Construction. 

•3.3.1 Materials, Processes, end P.'irta . 

3. 3. 1.1 Matertols and Processes. Materials and Processes for the RCCB shall be in 
accordance with iX9'J'J-0096 to the extent specified in the ^requirements table of the 
purchase order. 
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NEWFeOMCyniS-HAMMBt 



New Remote Control Circuit Breakers (RCCB) combine the functkms 
of a relay and a circuit breaker in one compact package. Heavyweight 
performers—they mount near the load or power source and are 
controlled and/or monitored from remote locations with 22 gauge 
control wiring. You save weight, ^plify control circuitry and 
diminate heavy cable runs— for li^tweight results. 


Available in single- and three-pole «x>nfiguraUons with auxiliary 
contacts, RCCBs also feature magnetic Etching which assures 
low power consumption and visual “ON-OFF’ indication 
of contact state. Both types meet rigid MIL-C specification 
requiremente for 28V D-c and 11S/200V A-c, 400 Hz. service. 


r;.‘ 

i 


The ihi . s- 

10 . 20 ar.u ' ■ 
4' X 3' X 4' anJ 
maxim .<m. 



Single-pole ratings tan^ from S to 100 
amps, measure approximately 3' x 1' x ^ 
and weigh in at ll2S ounces maximum. 


.( :3 available in 
I ia.!C5. measures 
■ j.6 ounces 


If weight and posvcr consumption 
cconoi.<iy aicii'i c.iouAi, Aith minor 
modifications, RCCBi CiTcr still 
more. Under- and over-voltaee 
sensing. Phase and frequency sensing. 
Interface capabilities with multi- 
plexing systems. You na/nc ic— 
RCCBs carry hcava' loacs- ■" -tly 




To lift mure weight o!T your shoulders, 
write for the RCCB Data Kit or cail 
your Cutler-Hammer Sales O'hce. 1 
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APPENDIX 7,« 

THEORETICAL BASIS FOR SYSTID 

THEORETICAL INTRODUCTION 

Direct representation of systems on the digital computer by sample 
data simulation is a powerful systems analysis technique. Such simulation 
requires transformation by the computer of continuous system input func> 
tions in a manner which characterizes system behavior. The digital 
computation/process by which this transformation is accomplished is known 
as a digital filler. This is an algorithm by which sample values of a con- 
tinuous input hinction are transformed into snmpla vc.lues cf cc..tli.aou9 
ontr'Mt f??r5r'tio»» which would result from op^ialitig uu iiie tnpuc with a given 
continuous transfer characteristic. The central problem in sample data 
simulation is obtaining the digital filter algorithm which effects this trans- 
formation in the most accurate and efficient manner. 

Digital filters may be classified into two major categories as recur- 
sive or non -recursive. Non-recursive digital filter outputs depend only on 
present and previous input samples; recursive filter outputs depend on 
previous output values as well. The design methods for these two filter 
types aie distinctly different as are their properties. The non-recursive 
filter has finite memory* and excellent phase response characteristics but 
may require a large number of terms to obtain sharp cutoff properties. 

The recursive filter has infinite memory but rather poor characteristics. 
Recursive filters have fewer terms and lend themselves more efficiently 
to applications requiring sharp cutoff properties. The recursive filler is 
the digital counterpart of the linear lumped parameter continuous filter. 

For these reasons, recursive filters are of greater ■.’•erest in sy'stcms 
analysis by -riTr.ple riata simulation s ’d will be 'ium;r.ari> vc oriefly. 
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If it is assumed that the linear system for v/hich a digital 
approximation is soupht has a transfer characteristic of the form 


H(s) 


M 


m=0 




m 


n=C 


( 7 . 6 - 1 ) 


where s = jw. then the corresponding digital transfer characteristic has the 
form 


H*(z) 


N-1 

E 






( 7 . 6 - 2 ) 


where is the unit delay operator. It is assumed that the continuous 
function H(s) is known or can be determined by established design proce- 
dures. The digital filter design problem is thus reduced to determining 

the coefficients a. and b. in H^(z) such that the continuous filter charac- 
J J 

teristic H(s) is best approximated for a given number of terms. 


One digital filter design technique is based on the standard 
z-transform, defined so that the impulse response of the digital filter is 
identical to the sampled impulse response of the corresponding continuous 
filter. The standard z-transform of H(s) is given by 


H^(s) = H(s-l-jmws) 

m= -« 


( 7 . 6 - 3 ) 
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or in terms of the filter impulse response h(tl . 


H«(*) 


T 


2 h(lT)z'* 
1=0 


(7.6-4) 


where 


= e + jw 


H(s) - Laplace transform of Mt) 


2w 


. radian sampling frequency 


H=*(s) = Laplace transform of sampled filter impulse response 

= e”*^, unit delay operator 

H(z) = H=^(s) I s = ln(z)/T» z>transform of h(t) 

For s greater than some critical frequency H(s) is assumed to have 
the form 


H(s)ls>j« * K/s“ 


(7.6-5) 


where n > 0 and K is - constant. 

Equatl<ms 7.6-3 and 7,6-4 ace the digital filter transfer functions idilch 
approximate tliat of the continuous filter. 

The disagreement between the digital filter characteristics provided 
by the standard %-transform and the continuous filter characteristic in the 
baseband (-ws/2 £ u < ws/2) is know'n as frequency aliasing error and results 
from terms of the form H(s + jm^a ), m ^ 0. This disagreement is present 
whenever the continuous filter characteristic is not bandlimited to the base- 
band. Uiif«»ri inatcly this is the case for most lunsped parameter systerrs. 
for which H(.s) is u rational function of s. Thus, for ohysical systems of 
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inlert-st, tlu" / - ti iitic Tor mi yif^lds K"‘M s » H(s) in the baseband and 

aliasing error ii> present to some degree. 

For iiiuhcr order continuous tilter transfer functions (n in Equa- 
tion 7«6-5 is large) having a critical frequency much less than the sample 
frequency aliasir.g error is sufficiently small that the standard 
z-transform yields useful results. In many practical situatiopjs, however, 
neither of these conditions are met. In these cases, the standard 
z-transfortn results in prohibitive aliasing errors in the digital filter fre- 
quency characteristic. 

Frequency aliasing error may be avoided if digital filters are 
designed by means of an artifice known as the bi-linear z-transform. The 
bi-linear z-transfori^i maps the entire complex s plane into an Sj plane 
bounded by the lines Sj = and Sj = The bi-linear z-transforrr: 

is defined by 

s= iunh^ O.i-i) 


where s. - jvJ /2 and T is the sample interval. This becomes upon sub- 

® Is T 

stitution of the unit delay operator z~ = e” ^ , 


s 



(7.6-7) 


The digital filler transfer function, H*(z) is determined by substituting the 
bi-linear /.-transform into the continuous filter transfer function H{s). 


H*(z) 



(7.6-8) 
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One aspect of the diurtal filter so obtained is that a non-linear warping is 
imparted to its frequen^^y scale in accord with the trans-formation 


u) T 

2 


tan 


w jT 

"T” 


(7.6-9) 


This transformation is depicted in Figure 7.6-1 which plots normalized 
warped frequency versus normalized unwarped frequency Frequency 
warping is net a significai.t constraint on the versatility of the bi~linear 
z-transform. The warping may be arbitrarily reduced by making the sam- 
ple frequency I^igh compared to the critical frequency of the continu- 
ous filter. Furthermore, frequency warping may be compensated for by 
prewarping the critical frequencies of the continuous filter so that trans- 
formed frequencies will be shifted back to the desired ones. Because it 
obviates inaccuracies due to aliasing error, the bi-linear z-transform is 



Figure 7*6-1, 'if/i -Lin«:r r Warping of the t requency Scale in 
L!u.‘ j>i-J^ii;uar /.-Transformation 
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a most un/Unl design tcchnrque. It is applic?.b\c to 

low'i^asi*', band«pacs, hand-stop, and other continuous filters whose mag- 
nitude characteristics are essentially constant within successive pass and 
stop bands* 
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